


f 


j! S nN 
iby 4 ‘ ts Me , 









Institutional Archive of the Naval Postgraduate School 


Calhoun: The NPS Institutional Archive 
DSpace Repository 


Theses and Dissertations 1. Thesis and Dissertation Collection, all items 


2000 


The Universal Fuel at Sea: Replacing F-76 with JP-5 


Sermarini, Joseph T. 


Monterey, California. Naval Postgraduate School 


http://ndl.handle.net/10945/7730 


Downloaded from NPS Archive: Calhoun 


| Calhoun is the Naval Postgraduate School's public access digital repository for 
_ (8 D U DLEY research materials and institutional publications created by the NPS community. 
«ist | et Calhoun is named for Professor of Mathematics Guy K. Calhoun, NPS's first 
TT \ KNOX appointed -- and published — scholarly author. 
http://www.nps.edu/library 






LIBRARY 


Dudley Knox Library / Naval Postgraduate School 
411 Dyer Road / 1 University Circle 
Monterey, California USA 93943 














Se ae” et 
. mete cote Ce = = | 
ary See a 

ae sgtre ye Hye 
2g phUOe Bad Mel sta ee Fehs ~s 





Spat oer at ebed 





































ena vary 
7 ere ats anse Na Note * 
Men cete & omer 
oa ae. oP eo” _oean: eeu? 
reget y (6 ten e AakaO een at Tas = andy oe abs? wee *& 8H aNte 
gata Came ePates 4. mma T8.P Foduberadesyrs gee dre: » eam? 
oe ass rt oe 7 come cei ts 8 te ee 
ae Ps “e eign © wee? ss s ons tt © abt 
aay ie . . eke ot ~ 
eee eta a eer Sis et aye Pats Vos on se ee 
As oe Fig PAs Bente 
OPS am yet aes 
set, Cache 
mnatak ake 
aataren? 2 tne atu Ba Bho ah et of HO et anw hs rer 
odmyr oF POT0®. ane on Vane he A St eth 








= Ay oe 8 eat, 





0 tat oe pte MING WER exe? wer oer tn: pri 


a Ne om One etabyta ue Sa"=Ca- ~eh ime t~ aon 
ettey tere dale oe Yala te OC oe 











































































eat debi 
| ogtac® fe tnne 88 ates Bho Sate Fem-F ~ ome 
— tat Ee ae yen ot ete ee bein Mw E 
pres (hereto tena eta we we WR OFy aeume 
Aya hat nae s epee Senko Oracet Soe et ot ee way yee ¢ 
p wretaiente Cage ose oNee BU 869 9.8 sare eaey Se ore "8 
eo Metdage. Joh awe © phaBat eo 
Ot thao? ate ee y eoereeeee | ot 
wie tl? aden vitan faeee ox we ry =e Sohn ‘ ° com Om 0 2h 
. =>? . . e a e . FP 
A OO Me ae gos decate 0/1" ote Set bi ape Te rentone: = a PF : s: one “ « meee - . « 
sade"? ery tieca re" : . we wee " 

Slersap ye panne pee fly - eee onze aeewa tees? 8 = ee é apy wen oe © .8An pede Gara (605k, Oe Bi Sone arw PP IVAN tw Peenca a eee eee 

Aa eterna se tw ett pasgtset Ne aT ba 2 OD b 00m etalsourtads 005 sihprve Doge? 

see gk a . euctorae ** om hreep dros 
06601 oa @ A be gh & catattotn. ta" avpeguate 
ae -swts tee Heer? ee be tek ane ntet 
ee we 8 on ee ON ee Oe hae 
. os psteere th eh ote? Opee' 
ot otle ORe Nate eh et inet eg Tet 
shagpnneeret ete? (2 BPA gh 99 0 -a"bn tee O lee 
alenven™! =F amt Sm eas oth Sats tae 


Pret TH a eotetetes a 
ao wr ocsneas te af © 
Pye fe Ne: POTN E ETS 

uten ee 


TaD eon tty Seats POR «ar ve fk 8 ual 
ee eee TL aan eee atergetswt~ 
= Ae OSs reel ote. avs hy Kot qew er 
este mara te pee wae 
we tet Feta ere ae eh Ode nek Gadd oF & 
we Pada “es eee 

ewan Pere a StO™D! 
nachtews a ant erear © 
2a diet ote EEN oe a= 
te Folé Bhy owed Swgdes Fe) ted 
ole Otehete ote ee (ete Parets 
pete en oO) quate an 19 oe *- ante ma Courts” 
mae og he ot PEM TTRRSstTl Go OE Bee on 

a amneea en Tatem* ves, ote De mas 86: ome fe 
Feta preaate ECR: tee = Ore’ 
tates had pleas" af resets wb oe 
ay as ce ete © ya lon tet e® Foe sere 


emia Sate ae: * 
e = 











. oe mgeet ae a 
Btegge se bs 
"7 ot 





ave ear eRe 8 
acta 

















Retreet ochre He 


ee de 
“ao 
anne ve'’ 


ose oo 8 me 








¢ ot senree "t 
ooree * 


peat 
eraha= fF oegret Sor eho 











mw eer atg: © COM bes 


5 Bagh O OM aeeh owt” 
acapevte!t oF Ras tmee et ae 
wqhe ate Bene 

evetat 2 cit 





ce" ve= 64 @ 








Thaler Shas ete Se" 
ghee Sats > Ba mater e Ow ena Nabe Cte 
Chae Tahal mat emer sh Ow ITE nna 
belly: CaN 6 8 a7 OVER Cueee tot 
one? Hew te Ce neha pba ete ee 
ty 02105 50%e aborts OMS EB 
= Repnfene Sah nd arom 


erodes wes 

oPit ete We 
oF de ota Sermete: & 
sg ganeme te 


























ie 
est. ae ewtes ofr? ° 
- ene @ & 





Omar oe ame Sh 
eth te orn & 
1 bs ows o Satast 








oe eames 6 
a» « 





aves 
at Betrmae BES 





PP 
tat “ep Recs age tote 88 
e > “4 . 








ot- Sy -8t 














"a ets 


eh .2qend Gad Peco 


ae s8e eee * 


ene 
Cathe WEP Ete ee Sahel eeet) 
























































































eed fa teeta fe ald ehe - 
ee ee esaveme % 
mp entre: go>" een oO More Pe == >a eat =f weren Fee SS Ue sou ® 
peo cartem? ty tenn er = 0 tf OF 0. aw enast 0 e= bute ee ae 
Frost we he co ety ag Ete ee om ern ter ets ee 4 er) wei ses (0oSa(hirereest © at = ae 8 Res mes Si ores 
‘ere imabme Ae ote saat! Berge AE CEO ae pike agli t= <7 4 Osan | BSSES wtpnrern Gn & 
av o* ONE) Go reewtty My = Oma wt enter sumer eOteg b Fees O"F-0 @ cles ae Se =x Sse sie Aas 
Sc qaakrsteansis am: 4 ata dee". * SOLES o ee om cece . « te 4% 2 - Se ad) 
ome wetetar ann et - Bese et eens aes Sonat ore gaa cae a aaaty oie Rome nets Dee Made Re 
re 7 ‘< a Gok Oy OBDte Gea he® 8 ns%e Mee, 
ae ee = eae Suet omen ttm SF 
: San = ae ae “ "ee tee oo « eect heorw= Sak mateo te te eee! 
a . Cal ey 
“ee... ** see @ . = 
ve ate : ne os (Ose lore ofa d Goo weet Lene aN 
= eos ‘< Racal eyeerod "8 Te oan aeee Mee wlart fate y 
8 4 - ne face me oe 
POY did ead 





mv © 2 Oeera we eo fa nl 
rete Oa a ot wea te 
Og ee oo a wre oO 

or BN EowlO Hee we 


ps toe a tet 
pews Oe ay eM 
on ae ~ One ae 
aoe ences at 8 




















Re te 8 ee eae © 
pw ela ote So agoeuntad 
dah @"Macetene ay art = 

ar 

fmm 04 8 Re ete Of ote . e. 

om etee¢ =atege 2: 
“yi Py en 
geoorelers” = 


ates Bae By on0teee s 
ewer cnes 


me ees. © an 


etete otf 
Qdagractss 

ne wie cs eta rare te SOS 
Ne ta” 7 Ore tw te Le 
oF (Po 2 (aba Oe tan "OSs aphe 
Oem Riwns @ ota 
so ty ret 
aeteotat <7 


ee oe lk ee 
wt eFare beets 
ge is 20a 


= eeaete 














tan e® ©: 
Ot weide Sh Saeseem She cee 
Siw igtoes tet sh eh 

Se Eten pms ot. nat ae re 

















a, Bepmagceres, ofee 
atgec ane 


agagetie = 3 
qe ts 


ar eD® seote neta = 


ener 


oe arth 
e gm tt eee BEE 


ro awe 


= onset 


Ye fern 
ane ove te aes 
=o Ovmae Me 

















ebentgs ' Where? @ M 


Pgs e esteien® Tete vs se er Ps 


emty? 
et 


a 
eet ape Bee Suey 
- 6 eo me ° 


Seah rate 











° 
a, go-tee wo em 
mete we © 











© nevoege Set aen® 8s gt 
oe 














ead 

. e-em Or anes 

wae oe Co a bs bell 

eo ieee Ih =a 

Sew orenme 
oe ~ te ote ePotRre ~ 
tes #9 se 
opt ov & Se Od bdaed Ae fe Fes EF aR! Pe 
gra ot an otate © eT 
oe Ophea tate rere 4°80 e 


scooatatn  * 
Betas ete Oe ots SSM 
oe . set ewe 
aT toad 


Ce Chet 





Sot Om te 8 ae 





S22 sere 
afanet ote 8 


Feta wh oe Sm 
we tame-= WIth eveve = 6 
ae war oom 


es 
-" wwe wet Be se 28 

© oF tate state 
el at ted we = 


aeo* 
eo ot, 6 ace -e ote ie 
* oeee ane an ete ath oF 
1@ 


ean-s C 

eee =o 
Rare scethtee 
-2 eorsee © 
ear - 
Setar ae ea eees 
2 ones>ete 8 OF 
oe Ww 
ate" 





Pee ee ss 
ame “eo 5 

tees oar e® 
aqeee F Arter 
AM. . 















aeetewwtese TEE 
where teem Onde talew 
= 





we. 8 











atee ? 
= ot eed™ 








erp 8 te 
























steta® 
eow ease oats comme © 
1. dete wiete 
ee” fare a = 
ennts nara as~* © - 
vie eos S ae 
wie - Pa «05 @nete © ee = 
“6 o e oe ttetet 
Pa Ti ese te 8 oe .- * aes 
earet (og ler te omen f Oe cenit rs 
«a o & -* @& © « 
eae: e caeie : ee sci grate al 
on eee eet re : = eefeoge oe" Oe Dee + w= 2 oot ue 
- wee ® be = wtqre ofe 8 
ee & atoms 5 gts ONE et ah Se “we 
ore ot foe oSatoeee we TT 
te ER one? eee ETS wt eae! 
eee? tots Bete Se 2 aetate Hm, 


Jote"= oF 
= = 1 on “oor 


Fe Teno” 


~ ete . 
. = 

8 weg he ee © 
weetes OMA =f ae 
ee Te eT Sanath a 
ar etacgt “awe as 
aaese oat 
ane Fen aca 
aye ee we 
2 fa terre 
Meg te tee le 
a9dF ade tergw of 














© 2° See Bee - 
ee "ee Mere 2h este 
eo oe oF Natotn 
wecokh ten Het 

22 © venir 

















assem ete ee 


a a 
















@- 
Pe to ne 
owe foes 


amg eremeen tS es 





one 6 “4 ecntere 
edve'se ante @ 278 
ae 0 % Bae « 





i Le Led 





































































. aca te 
eet rae * wate 
- mm wee 
wie A6% ats we a tal ote eqentattee 
es aasme ae 6 e- . 
ee ay wee 2m wre a = ate oe pees eo ot 
" A = = fees @e- o,e ats 
«2 . earwe sre = @: ao om wmanct tee 
a 8 is ° . - © 28h ot TOF “ee 
Po ‘ aymer el te. 8 S) Sucesesil iF fp micsa) 40 0GCUSANE aOUANe 
- 8 ae ene 
= “ e - . . - 
Prec Se eee re 
. et * 2". @ setae * . i 
en e * ate © bee 
. . . al 
“ae id 
“1 tare so OFF 





<_< aes SOF 
eye ee 











wee = = = 2 eo 
nok = Oe 
wo a% 8 © 





o 729 "88 




























































TE Met 
eve te ane fe wer 
- ee be 
bad we see ow BM = SF . -o. 7% : 
wean «a om ate 8 oe 
nee oe doe Ho ® eee - 
. wee Tete ee 8 te 
eeoteow= =" 
sah s se et ene of 
ee emo -- “re ; ate Gaye 8 ow att en tte 
- “=. mo .* ee 8 e- 8 ae 
< . ee . « . o tee 
as ase er Pe (oe pelle aronsee wile tess yt 8 we ewen® 
* 6 wae et - wee = ane oe 8 ote eetss ete we 
ere ar hee ig ‘ a et 2h Sateton % see o "= eterno = e's ee 
3 Teena "=e eee wt 8¢ ehe® a ae = * ag TR#a= © a? e Swe ot © Pen © a ats 
we ee -e Pipes enmnes A eee Ce tafe = etomivete ¢ ete swe atone ate eo = ae ow Seta mur 
2 eet te o ee eo ete wt of ad “ ae ate oo me «tie - 
ee @e 2 me 2 od Fro eme ee tee - 
tae “SNe mw eo ntae Ot ent asta e Ewe = wre, atl 
+s Fe eeee os ite wee ewe 
artes Te ct oe 


a) a 


eee TT Bd 
« 








“ee & == 
- o* 
-- 
ee eer ae ed 
- - - a2 wa (Oe @. > 
awit ew “we oe ed 
os ww one 
% - an ee Oa ar ee = eee 
ee =te OF ast orga Squad “oe 16 een" 
eswe ete te WE mae 
~ 
euet a 8h “~~ ee ee ee 
etww o 


“-—~ = 
aw ote eens 
nie eR aee 





— se Vo 


= e= ear 






wre et eo Mee eum te te oe Ee 
ho nwog taPen aONS wo 18 REDO Lae We 








Cd a ee ae 
= 


a Me teegt © O om w dere ® 


oo 
A steer “eONOw es 0 8 




















=-« 
ee a en a 
nie, pare Saat 
i : : oe we see 
aes at ae .* =. 
~s a a « 
ee. Soe Es see 3 os 
to * wept ete = =e P 
“w= = al ae = : © 
re Mome oe - s et me ott 8 epee. Cae ede Di 
= te we or == eo. . = - ee yn ee ne eh ied oe neh pose) sees 
ee ES eR es -. ay Daca owe 8 . -*- 8 ee "o=" oe oe «¢ © Sone ttetr == 
ae . * La - Sn mecie 8 some * * a eet 2 “oseva ns © Dea ICE ie ae 
= a ee ee eh aatere Rete Te fe tee” 
7 38 “oe = w—tenene ate = so retate tte ® equtecntttet a" © 
ey Deas te oem ot 8 ahd = wee eters Be ad eo “we we 
«te ow onene te eteta T*tetete 8% "See 2 ~ . = owe 
= TetOTeSe = ne” == ere eter cate Semen 
. moe 6 0 tre a 88 See ees 1 - 
ene orn om score ee eet tater we oe ee 
or mee) 56 . vee oo S- "=ee ee ee ee i ed 
=. ee - ewe am we aon cote 2 TR Se eS =< 
. We © teh Oe we . ne tad . rs 
eb we 20) Oca te © ot wet. -~ . - 
“2 © Ot eetet Pee wee wre et 
- ~% emnoet sms 


Dae 





— ee coma ws © we 





ow" 

os 4 eb et at Serer 

. ee ee eee 

o “te ee teo™ . - 
oree eo oe tee eae 


ne ete whe te 





= etee > 
- es eo oe oe ote die her, 6.0 
a@ore® “|e on - . a er ee | . - 
- wae 1 & etetes wt me ee fe 
° om = «8 ew ttt 2 8 
fo ated PL dd 
Be ote te sees me . . 4 . 


Pe 
o tesa at Me eM O's 
— fn 





= we wastes st 
- ats -s on = 





















> ; 
<z. ake *% & & acd atee = 
ae ° some «€ cara ne) Ae ee ome “2° 6 
ee? = 2 5 ome ee ee a <%=s ve ss 0 te 
(he wTtPe ome oe = ~* ene! tere te @ VNNSOD a ee ® 
aed] . * . ae & "0% "Ow © — setoremn@e sve ees eee ave NO 
= 2 ote oe ere ane Se ete eo at le - am teen we Ow 
- - ° get wtere tate « ne ah we 
oZ = <f ". . . ° sm a Qyeee wT De eowte - es ¢ 
- ._*o™ - ete orm - sews . 
— « tw amg okrtose WE ws ©” . See 28s 7 
<_f . - 2 - . ©: o'"~ wm a estes te 
ee - - %% o Pecw* we seo Whe *& - we —_ aa 2 o tee ee 6 
@° - *® « . — - ~ eae - “ see 82 ee 
Td . ae . eo" we ef te wee ** owe fe eee @ = ie ee fe 
za as ° . Rw we = COs an 
- ad --* 6 a® a um oe" -_ asa of 
wo cel = os © eo = eee ae aon ee ° 
: =e . - Te aye etemer® awa ete ae . 
a - . ee ess ower oe « ee i) sw 
” - eo er8f ca eels OMe @ 
Li “. “=. . oe sete oy ow fe = es. & & 
Ww Par = « «°° «+. © aoe "oO" 
° ” . 2 8 eo '* = = 08 
es ° ene = re ~ - . 
cs rae eit ry muy ote 
= . ~ - - oo Leis ome © c= © 
ave as = te = @e om we 
= = e- =) weer ve. - Pac het “Wee 
eter Sah eees ie ® ou. s-« 4 . 
. « aoe = Cae =e 7. . 
$6) Seas" . . - ss 
oe . . - « i 2 8) Oe ese = 
aa eS “ ore wm ee nee = 
= ae = . oe. a on 8 
° . ee - octets - 
ae - “we - = one Ke “= eo 86 
- otu= . . - "eo om" - 
- 1s °° « = ° 1. «= © . 
- - A ~ 
a = . > er om © - = ete e 8 - 
ss = eo" ec @ ose 
. . - + ass en % . 
. -- =. =. ° J. - 
aa oy ee ee 
er e#e . - . * 
* ece . --= 
ae + “. Se . 
- 2 =. . ere Pe 
. en - ~ ae e . 
. - =—w © . . = - - 
oe wtee ee MS te wn - 
. . 7 ect - 
° ames © = 





















NAVAL POSTGRADUATE SCHOOL 
Monterey, California 





THESIS 


THE UNIVERSAL FUEL AT SEA: 
REPLACING F-76 WITH JP-5 


by 
Joseph T. Sermarini 


June 2000 


Thesis Advisor: Donald R. Eaton 
Associate Advisor: Ira A. Lewis 





Approved for public release; distribution is unlimited. 





REPORT DOCUMENTATION PAGE arm Approved 


OMB No. 0704-0188 


Public reporting burden for this collection of information is estimated to average | hour per response, including the time for reviewing instruction, 
searching existing data sources, gathering and maintaining the data needed, and completing and reviewing the collection of information. Send comments 

/ regarding this burden estimate or any other aspect of this collection of information, including suggestions for reducing this burden, to Washington 
headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington, VA 22202-4302, 
and to the Office of Management and Budget, Paperwork Reduction Project (0704-0188) Washingion DC 20503. 






3. REPORT TYPE AND DATES COVERED 
Master’s Thesis 






1. AGENCY USE ONLY (Leave blank) 2. REPORT DATE 


June 2000 









4. TITLE AND SUBTITLE 
The Universal Fuel At Sea: Replacing F-76 With JP-5 





5. FUNDING NUMBERS 





6. AUTHOR(S) 
Sermarini, Joseph T. 


7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) ey oh oe! REPORT 


Naval Postgraduate School NUMBER 
Monterey, CA 93943-5000 


9. SPONSORING / MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSORING / 
MONITORING 
N/A AGENCY REPORT NUMBER 


11. SUPPLEMENTARY NOTES 

The views expressed in this thesis are those of the author and do not reflect the official policy or position of the 
Department of Defense or the U.S. Government. 

12a. DISTRIBUTION / AVAILABILITY STATEMENT 12b. DISTRIBUTION CODE 
Approved for public release; distribution is unlimited. 





—— ——— - = ee —_ b ——— — 


13. ABSTRACT (maximum 200 words) 
| This research investigates the feasibility, benefits, impacts and costs of replacing F-76 with JP-5 and adopting JP- 
5 as the single “universal fuel at sea.” Joint Publication 4-03, Joint Bulk Petroleum Doctrine states, “Department of 
Defense components should minimize the number of bulk petroleum products that must be stocked and distributed.” 
DoD currently stores and distributes two fuels, F-76 and JP-5, for shipboard use. As the universal fuel at sea JP-5 
would replace F-76. All shipboard systems, including boilers, turbine engines and diesel engines that currently | 
| operate with F-76 should operate satisfactorily with JP-5. Adopting JP-5 as the single fuel stocked and distributed 
for shipboard use would simplify logistics support, maximize flexibility, and enhance the readiness and 
sustainability of U.S. forces at sea. 


14. SUBJECT TERMS 15. NUMBER 
Petroleum Logistics, Single Fuel Forward, Universal Fuel, Fuel Specification Standardization OF PAGES 345 


16. PRICE 
CODE 


18. SECURITY CLASSIFICATION 20. 
OF THIS PAGE 19. SECURITY LIMITATION 


17. SECURITY 
CLASSIFICATION OF REPORT : CLASSIFICATION OF 
Unclassified Unclassified ABSTRACT OF ABSTRACT 


Unclassified UL 





NSN 7540-0 1-280-3500 Standard Form 298 (Rev. 2-89) 
Prescribed by ANSI Std. 239-18 


THIS PAGE INTENTIONALLY LEFT BLANK 





Approved for public release; distribution is unlimited. 


JP-5 THE POTENTIAL “UNIVERSAL FUEL AT SEA” 
Joseph T. Sermarini 


Lieutenant Commander, United States Navy 
B.A., Florida State University, 1984 


Submitted in partial fulfillment of the 
requirements for the degree of 
MASTER OF SCIENCE IN MANAGEMENT 
from the 


NAVAL POSTGRADUATE SCHOOL 
June 2000 





DUDLEY KNOX LIBRARY 
NAVAL POSTGRADUATE SCHOOL 
MONTEREY -CA 93943-5104 


ABSTRACT 

This research investigates the feasibility, benefits, impacts and costs of replacing F- 
76 with JP-5 and adopting JP-5 as the single “universal fuel at sea.” Joint Publication 4- 
03, Joint Bulk Petroleum Doctrine states, “Department of Defense components should 
minimize the number of bulk petroleum products that must be stocked and distributed.” 
DoD currently stores and distributes two fuels, F-76 and JP-5, for shipboard use. As the 
universal fuel at sea JP-5 would replace F-76. All shipboard systems, including boilers, 
turbine engines and diesel engines that currently operate with F-76 should operate 
satisfactorily with JP-5. Adopting JP-5 as the single fuel stocked and distributed for 
shipboard use would simplify logistics support, maximize flexibility, and enhance the 


readiness and sustainability of U.S. forces at sea. 


THIS PAGE INTENTIONALLY LEFT BANK 


Vl 


I. 


Ne 


TABLE OF CONTENTS 


PO ROP GiGi @ Nearer rere. HUMINT. HUIIIITIOIE ccc ccecsccccesnseseeene l 
A. PURPOSE AMD REESE ARGH QUESTIONS M.........0..ccccccccssescssscsccenns + 
B. SCOPE AND al TVA Adil @ NG eee ie... oree. nn e.cscccccsesscccsecsevecssenes 5 
i SCOPIC es... aE, SE. LM... ncsesnneseensssenseeees = 
D3 [unaMGIIO mS >... ee es. Sarees, «. . eemeereeeeds. oierss. 5 
C. METHODG RO GRC... rrr oo ioc .n-- orec co ssscennrtgsteIWGsess-.ssceescdecsensnenes 6 
D. ORGANIZATION OF SiMUIDINGGIRE Seine. 1. Os ccscctnesecss..ccesccsoccncsnteas 7 
BACKGROUN ID piace: .. scented renin 2 5s eal em eo Senn 5 ccE aso staves na00a0se-de0e- 5 
A. INGER OD ll. I@ Nyecermenewne, «eens | 565 aid. RoBi nee eased... .csikencedeeasees 9 
B. TYRBS ANDRRICES OF FUEU saree geese ere wn soc ccteeicecs sees 9 
Ihe JP-5 (Turbine Fuel, Aviation; Naval Jet Fuel)... eeeeeeeee 9 
Pig F= JOatNaval Distillate Wane yerrrs-seste eee esas oss caceaetes corte tetes nnn ance 10 
oF Marine Gagi@ih (MGO) cxccct 5 Snes ss esse 11 
4. JP-8 (Turbine Fuel, Aviation; The Single Fuel on the Battlefield)13 
3: JETZAI atid JET AsgGomimercial Jet Fuel) ............tsc.ccsccccsnvsseee 14 
6. Fuele@ostsiane. ..xoqcersieee i I... ones seeds. Ihe 
C. PETROLEUM LOGISTICS ORGANIZATIONS AND 
RESPONSEB Meh Selo oc....20.: seen EE 6 cas 0c s0eca vas anndenratocnes 16 
Ne Defense Energy Support Center (DESC)........70irrs-.c0ce-c0se00eeen es 16 
a. “Bulk Fuels*C BU aye rereres ae eens eee eee ee 17 
b. qldineeteDeliveryehiicls GSU a ee....,........ ternssnscoas-ossreee 17 
cumiacilities andaDistribitignmie@b Wiaer............0te.+-scecvers-sscerm 18 
Ze Deputy Chief of Naval Operations (Eogistics) .................000.----<5- 18 
oF Navy Petroleum Omics tinny Pm ee. ss vette cocceee- ss ses 19 
4. Naval Sea Systems Command (NAVSEA)............:cccsssssseseseecees 19 
5: Miltary Sealift Comamanmdi(Mis ©) ...:.54...:cce eee -< 2-22 - eee wea 19 
a. “Sealiit Program ........eeee cesses cere ee. occ eeten sees 19 
b.. Navy Fleet Auxsliam: Force @NIPAR eee... eeeeeee 20 
C..., Pre pOSitionimOM Ora ie y.-...++<s.0cecs.50scsOMPMben es «sca sveeceeeeecaeee 20 
6. Maritime Administration (U.S. Dept. of Transportation) ............ 21 
i. Miltary Traffic Management Command (MTMC)..................06 21 
8. Geographical Unified Commanders 7oiii1..s1cc-ccvcseeess-oeccesterevesesess: Zi 
9. Joint PetroleummOthices (IPOs) ..c.........0..1250 eee 22 
Dy THE PETROEBIUGRISUPPEXCGRMAIN 32h ee vay 
ig Acquisition Logistics — Contracting, Ordering and Delivery ....... 24 
a. Determining Requirement owe eter ere 24 
b. ‘Contractine with IWEMMCKICS ....emrtree.oses-. mee or wseeanee sees 24 
CACO rdering ee, css Me sesssaceneeseseses 26 


Vil 


HI. 


BY 


d. IransportationtomBRSeRs:...cccceusecasceere ree are eee 26 
ds Strategic Logistics — Sealift and Defense Fuel Support Points ....27 
a. Defense FuclSimpenteRoms 2. c.cc,..ccccc--sseser eeetree eee eae 27 
b. Strategic Sealift Movement to the Theater of Operations..29 


3) Operational Logistics — Shuttle Ships and Cargo Consolidation..30 

4. Tactical Logistics — Station Ships and Underway Replenishment 32 

> Host Nation Supporters acco ss MC nae cces can ckesex- csc oc eee eee 33 

a, Fuel Exchanse Agreements ......000M...:.......<0000:+:s:-+-2¢ ee 34 

b. Bunker Contracts. ..:....<:.....M -ccsccssscc0ssscsesna00s 2 cee 35 

c. Open Market Purchase of Bunkembicl..-......-...c.-ae 35 

IE: HISTORICAL BACKGROUND yore ere cians ee ee 36 
ie The Universal Ruel av Sed eccs:.----- cere tere cee es 36 

Dh The Sinele Fuel on thesBattlefield sees bj) 

F. THE UNIVERSAL-FUEL-AT-SEA CONCEPT DEFINED ................. 38 
G. CHAPTER. SUIMIMAR VY. eore cen canes e nee. ee a 
TECHNICAL FEASIBILITY AND MAINTENANCE IMPACTS ..............20000 4] 
A. INTRODUCTION. .cccccccoral apie etn cote eee cone eee 4] 
B. PROBLEMATIC ATTRIBUTES OB Jipmee eee. aoeec. cs. .ssceeccccee--oe eee 42 
Ie Lower Heat. V alucews..o..c.-:...ccct eeeetce ieee tated... ..5 aes oases ee 42 

2 Lower, Cetane Number ccxs:.2:22320 een on ieee: 43 

3. LOWer SUDrICity sremtesecd tere erereviaen ieaieints, a teensy. 2: 2.8 4-t 

4. LOWERY ISCOSIIS;. oats. ..... agate ee ee ieee 45 

c FUEL SYS@BMS AND STORAGE cere eee e cece tee ee 46 
l. Fuel System Materials .22s-seeree en. fo ssscces....c0ssseessseocsee en 46 

Pe Improved Storage: Stabiityese eg eens 220 ce -seec-cece-- 4: coc 46 

Be Mixing Fuels same, Js, Se Beene wo ieee sss ose talc 47 

4. Extended Fuel Filter Replacement [ntervals...............:.:....-...eeem 48 

2 Fuel Injectors and Fueleuimps isc... -c.2e ee 48 

D. AIRCRAFT OPERATION S -o.. Peis fie s20. 055 Se cee. saeeeserccereee esis. 48 
Bs BOILERS ...:....2.42: RRR, ees a ler «sae ecco, «2 48 
F. GAS TURBINE ENGINES. 2 eee etree eee ceo caeceeeey. coe oe 49 
G. DIESEL ENGINES 32.5502 eee ets ss one 49 
‘Be EMISSIONS AND SIGINIAGGIOR Ee OR oie cceecesaeesteee ee 50 
Ik. SIMPLIBRED PWD S YSaeME DESIGN: (1.35: eee see xe coset ssce sans eee 51 
J. FUEL OFFLOA Dar OR® MIAUNMMOIN AINGE: 2 eeiiaiss...:.0.00tncre-ss000--- em 5) 
K. CONCLUSION 2a 8c nc ds tants deo By 
AVAILABILITY AND ACQUISITION FEASIBILITY... ceeeeeeseeeeeee 55 
A. INGRODUC TOW seis cose coeccc eee 2 ee ce oak ot odaa sees ee 55 
B. CAUSES OF LIMITED GP 5e Ay A MY ooo. asa sscssecesesee. cee 56 
Ve united Excess Refinery ©apac vam cci1.41...+....200022-.0005-5 2 eee 56 

Das Diminishing Importance of DoD as a Customet............... eee eeeeeee 7 

2. Refinery Logistics ComstraintS..0,,...0.20cse-:s---:sseeeseee-oss eee cee 57 


V1 


+ Refinery Technical and Crude Oil Constraints .................0c.c..0eee 58 

a The Impact of Environmental Regulations... eeeeeeeee 61 

6. Reluctance to Support DESC Annual Contracts... eee 61 
c THE IMPACT OF LIMITED AVAILABILITY ON JP-5 PRICING.....62 

IDs THE AFFECT OF INCREASED JP-5 PROCUREMENT ON PRICES 63 

i: ES Sols Ite ME ISP ASSESSIMEMNU«<...c0cose.-+-cersesersseecoenenecessccacewecseeaee 63 
DE ULE ON INIA UE OES (155) 0 Sy eee 64 
Be Implications and Lessons Learned from the JP-8 Conversion......64 
4. Implications of the FAA Task Group on Fuel Properties Study ..65 

1S IMPLEMENTATION STRATEGIES TO MAXIMIZE 

ROA TAs IN erect ea hs enn ene eed 5 54a Suess cee Koad deblacccuwens ccesebineras ane 67 
E Pnase cult plememaulomee26822-cc.cessa0cfee one sssteceecten-ssc-csest ence 67 
Dip Wonesie tine one Cte mesietcascesotecccss:scnss ccs sceseee veoceedeestecensueeeeaee 68 
Ee FUE ECO Silesia ern Se eee, tres ccc ets cae een eee 68 
G. CON CIE WS TIN errs erect eee sine as aide tog seborne Ryca sede tence Gente e etn ene eee 70 
V. OPERATIONAL AND LOGISTICAL BENEFITS 2 2.....3.cisteeiie tects ere 73 
A. |B Se, ©) CS BO) Sere eee ede nee rT 15 
B. CEG SISSIES eee. .255555s08s soteese cccabeeyinesntieege a geeeiaseeesan ene 74 
C PRUE BOVRANS ROR TIAIIOIN RISKS sxc Sieicesteos eee eee 75 
Ik. Aging Sacramento Class Fast Combat Support Ships.................. 76 
Ze Declining Number of Militarily Useful Tankers.....................00008 19 
oy Declining Number of U.S. Flagged Tankers ..................c::sseseeeees 80 

4 Aging Ready Reserve Force (RRF) and National Defense Reserve 

Fleet (NDRF) Ships and Declining Merchant Marine Manning ...81 
5. Dependence on Foreign Flagged Tankers... 82 
6. Delayed Availability of Tanker Assets .................ssesssssssssssersereees 83 
7. Summary of Availability vs. Requirements...............::cceeeeeeeeeeeeees 83 
1S REDUCING RISK WITH THE UNIVERSAL FUEL AT SEA.............. 84 
Ee ADDITIONAL BENEFITS WHEN ONLY JP-5 IS USED... 86 
Ie) LOADING MGO ABOARD OILERS WW..ni ee eee 88 
G. CONGLUSION 2 aaa ieorus eens tie ea eases 89 

VI. CONCLUSION AND RECOMMENDATIONS ......0...........ccccscsessseteeecceeeeeseeecs al 
A. CONCLUSION: Sersdecvetecstadiccc cust seaieeecsdoacdicel eee 91 
B. RECOMMENDATIONS -hvcstztidicns <: cccndscececcstetenetetes ce eee ee 93 
LIST OF REFERENCES secececs cosceesceasaisdiaectinciecdeaseee.s-seeesen tee eee 95 
DISTRIBUTION LIST ....:.cccscsse0ssvecesneeessescassensstrcsavanspenencsansecessle ieee ntette st tEtnaa tenes 2) 


THIS PAGE INTENTIONALLY LEFT BLANK 


LIST OF FIGURES 


Ficune 1. The Petmealetinn Sippy a@emain. ya. eee... AR oe eee cece cee cceensecececcccss 


Figure 2. Schematic Diagram of a Crude Unit 


X1 


@eeeoeeeeeeeeeeeeeeeeeoeeeeveeaeeeoeeeveeeeeeeeeeteeoeeeeeese 


THIS PAGE INTENTIONALLY LEFT BLANK 


Table 1. 


Table 2. 
Table 3. 
Table 4. 
Table 5. 


Table 6. 


LIST OF TABLES 


FY 2000 DESC Standard Prices for Bulk Fuels and FY 1999 Average 
Purchase Praeemme ricer eit. ete Mee. <2 225..cnnccenensnesegstesesncncsscccscsessecsccessuses 
DFSPs that Support Navy F-76 and JP-5 Fuel Requirements.....................00068. 
Countries Participating in Bilateral Fuel Exchange Agreements ..................0000. 
Typical Streammevbroduccadtironirar@ rite Unit .....-..20.660..ccicts ese seccasdecessseecencsosess 
JET Al yields at a 140 ° F Minimum Flash Point Specification Relative 

To Yields at a 140 ° F Minimum Flash Point Specification .......... eee 
The Annual Cost of Replaciia FP FGM Wi IP-5 ......c200.0..cccccccccescccecenscesncnceceseees 


THIS PAGE INTENTIONALLY LEFT BLANK 


XIV 


AO 

AOE 
APF 

APS 

BBL 
BFLRF 
CBU 
CJCS 
Clg 
CNO 
CONSOL 
CONUS 
DCMC 
DESC 
DFM 
DFR 
DFSC 
DFSP 
DoD 
DWT 
F-76 
FAA 
FEA 
FISC 
FSI 

FY 

JP-5 

JP-8 

JPO 

IMP 
LOGREQ 
NDRF 
MARAD 
MCMC 
MGO 
MILSPEC 
MPF 
MSC 
MTMC 
NAVPETOFF 
NAVSEA 


LIST OF ACRONYMS 


Replenishment Oiler 

Fast combat support ship 

Afloat Prepositioning Force 

Afloat Prepositioning Ship 

Barrel, 42 U.S. gallons 

Belvoir Fuels and Lubricants and Lubricants Research Facility 
Commodity Business Unit 

Chairman, Joint Chiefs of Staff 

Combat Logistics Force 

Chief of Naval Operations 

Consolidation (oiler replenishment at sea) 
Continental United States 

Defense Contract Management Command 
Defense Energy Support Center 

Diesel Fuel Marine 

Defense Fuel Region 

Defense Fuel Supply Center 

Defense Fuel Support Point 

Department of Defense 

Deadweight Ton (2240 pounds) 

Multary specification diesel fuel marine 
Federal Aviation Administration 

Fuel Exchange Agreement 

Fleet and Industrial Supply Center 

Fuel System Icing Inhibitor 

Fiscal Year 

Military specification kerosene based shipboard jet fuel 
Military specification kerosene based universal (air and ground) fuel 
Joint Petroleum Office 

Inventory Management Plan 

Logistics Request 

National Defense Reserve Fleet 

U.S. Maritime Administration 

Military Contract Management Command 
Marine Gas Oil 

Mulitary Specification 

Maritime Prepositioning Force 

Military Sealift Command 

Military Traffic Management Command 
Navy Petroleum Office 

Naval Sea Systems Command 


AV 


NAVSTA 
NAVSUP 
NATO 
NFAF 
NSFO 
OPA 90 
PAT 

RRF 
PWRS 
UNREP 
USN 
VTA 


Naval Station 

Naval Supply Systems Command 
North Atlantic Treaty Organization 
Navy Fleet Auxiliary Force 
Naval Special Fuel Oil 

Ou Pollution Act of 1990 
Process Action Team 

Ready Reserve Force 

Petroleum War Reserve Stock 
Underway replenishment 

Unites States Navy 

Voluntary Tanker Agreement 


XV1 


I. | INTRODUCTION 


Central to the U.S. Navy war fighting capability and strategy is the capacity to 
deploy and to sustain forces whenever and wherever required. This capacity is based on 
the ability to maintain a continuous and responsive logistics flow delivered to forces at sea 
in the theater of operations. Fuel has the highest demand of all the materials provided by 
this logistics flow and is one of the most critical supplies. The wars of the previous 
century are replete with examples of battles and even wars where a deciding factor was an 
adequate supply of fuel, or more often a lack of it. 

Simplicity, flexibility and interoperability have historically proven important to 
maintaining continuous responsive fuel support (JP 4-0, p. II-1 and JP 4-03, pI-1). To 
maximize simplicity, flexibility and interoperability, Joint Publication 4-03, Joint Bulk 
Petroleum Doctrine states, “Department of Defense (DOD) components should minimize 
the number of bulk petroleum products that must be stocked and distributed, plan to use 
fuels readily available worldwide, and minimize the military-unique characteristics of DOD 
fuels.” (JP 4-03, pp. I-1 — I-2) 

Ideally, all of DOD would use a single fuel and that fuel would be a commercial 
fuel readily available everywhere. Unfortunately, this ideal is not possible. For safety 
reasons, military specification JP-5 is the only fuel acceptable for use in Naval aircraft at 
sea. JP-5 is a military-unique fuel that is only available from refineries that manufacture it 
under contract for DoD and allied forces. Either more than one fuel must be used or the 


single fuel used must be military-unique. 


While the ideal single fuel is not possible, DoD components have adopted military 
specification JP-8 as the single fuel stocked and distributed for use in all aircraft, vehicles 
and equipment ashore. Although JP-8 is military-unique, it is identical (with the exception 
of additives) to commercial JET A1, the international standard jet fuel used in most 
commercial aircraft. Forces ashore frequently use commercial jet fuels (whenever aircraft 
refuel at commercial facilities) and other commercial fuels (diesel in vehicles for example) 
available worldwide as substitutes for JP-8. DoD forces ashore have successfully 
implemented the principles and guidance of Joint Publication 4-03. 

As discussed above, the Navy has not accepted JP-8 or its commercial substitutes 
at sea for safety reasons. JP-8 and commercial jet fuels have a minimum ignition flash 
point of 100° Fahrenheit. To prevent fires aboard ship, the minimum acceptable flashpoint 
for fuels used at sea is 140° Fahrenheit. 

Although JP-8 cannot be used at sea, the Navy could adopt JP-5 as the only bulk 
fuel stored and distributed by DoD for shipboard use. “All shipboard systems, including | 
boilers, turbine engines and diesel engines should continue to operate satisfactorily, and in 
some instances, with increased efficiency with JP-5.” (Tosh, p. ii) DoD, however, 
continues to store and distribute two fuels for shipboard use, JP-5 and Diesel Fuel Marine 
(DFM), military specification F-76. JP-5 is used in aircraft. F-76 is used in ships’ 
equipment including ships’ propulsion systems. Both JP-5 and F-76 are military-unique 
fuels and are not readily available worldwide. There is no substitute for JP-5, but JP-5 is 


an acceptable substitute for F-76. 


Since it is possible for the Navy to adopt JP-5 as the single fuel stored and 
distributed by DoD for shipboard use but it has not done so, it is natural to ask, “why 
not?’ The question has been studied before, starting as early as 1967 (Tosh, p. iii and 
Higgins, 22 September 1998), and is one of the most frequently asked questions the Navy 
Petroleum Office receives from flag officers (Higgins, 7 September 1999). The reasons 
JP-5 has not been adopted as the single fuel at sea are cost and availability. JP-5 costs 
approximately five cents more a gallon than F-76. Availability is limited because some 
refineries can’t make JP-5 and some oul companies are not interested in making JP-S. 

The question, however, needs further examination. Previous studies have 
concentrated almost exclusively on technical issues, and the cost and availability of JP-5. 
Because they have been conducted from a technical point of view, the operational, 
readiness and logistical benefits have been for the most part understated, overlooked and 
misunderstood. For example the “Navy Fuel Specification Standardization Study” study 
conducted by the Belvoir Fuels and Lubricants Research Facility in 1992 reported, “The 
greatest benefit from such a conversion would be the convenience of handling only one 
fuel, and eliminating the possibility of fuel contamination.” (Tosh) This statement, 
followed by, “The major penalties would include higher fuel cost, and difficulty in 
procuring adequate supplies of JP-5 to meet the total U.S. Navy shipboard fuel 
requirements,” (Tosh) didn’t present a convincing argument to adopt JP-5 as the single 
fuel at sea. The actual benefits, however, far exceed what could be called “convenience” 


and eliminating the possibility of fuel contamination pales in significance to other benefits. 


In addition, changes in the past decade favor adopting JP-5 as the single fuel for 
shipboard use. For example, the 1992 Belvoir study reported the increased fuel cost of 
replacing F-76 with JP-5 would be approximately $103,000,000 a year based on the five 
cents per gallon standard price difference between JP-5 and F-76 (Tosh, p. 24). The 
standard price difference between JP-5 and F-76 in FY 1999 was still cents per gallon, but 
military downsizing has reduced F-76 consumption. Based on 1999 consumption and the 
same estimating methodology, the estimated cost in 1999 would have been approximately 
$36,000,000 (Scheffs, 12 March 2000). The difference in the standard prices of F-76 and 


JP-5 during FY 2000 is only three cents per gallon. 
A. PURPOSE AND RESEARCH QUESTIONS 


This research investigates the feasibility, benefits, impacts and costs of adopting 
JP-5 as the single fuel stocked and distributed by DoD for shipboard use. The primary 
question addressed by this thesis is, should the Navy adopt JP-5 as the only fuel stocked 
and distributed by DOD for shipboard use? This issue is, however, very complex. The 
Energy Plans and Policy Branch for Deputy Chief of Naval Operations, Logistics has 
contracted with consultants and intends to establish a process action team (PAT) to study 
the issue. The PAT, will include members from the Defense Energy Support Center 
(DESC), the Navy Petroleum Office (NAVPETOFF), Naval Sea Systems Command 
(NAVSEA), Military Sealift Command (MSC), and others. The purpose of this thesis is 
to offer a starting point for the PAT’s research efforts. (Roberts and Strucko) 


Secondary research questions for this purpose include the following: 


(1) What are the technical and maintenance issues involved with replacing F-76 
with JP-5 in shipboard equipment and systems? 

(2) Is sufficient JP-5 available at reasonable cost from commercial refineries? 

(3) | What are the operational and readiness benefits and impacts of replacing F- 
76 with JP-5? 

(4) How would replacing F-76 with JP-5 best be implemented? 


(5) What would be the cost of replacing F-76 with JP-5? 


B. SCOPE AND LIMITATIONS 


1. Scope 


Since it is the operational and readiness benefits and impacts of JP-5 as the single 
fuel at sea that have been generally neglected in previous studies, they will be emphasized 
in this research. The technical feasibility and maintenance issues involved in replacing F- 
76 with JP-5 will be addressed by a synopsis of previous studies. Availability of adequate 
refinery supplies of JP-5 will be examined in some detail. Of course, cost is a very 


important issue and will also be addressed. 
oF Limitations 


This thesis is limited to unclassified information. Warship fuel storage capacity, 
war reserve and peacetime operating stock quantities, as well as the methodologies used 


to calculate those quantities are classified. This limits some discussions in this thesis to 


hypothetical examples. It would be valuable to model these events using real data, but 
that is left for future classified studies. 

Cost will be examined, but a true cost-benefit analysis is beyond our scope. 
Implementation would occur over a period as long as ten years. The price of fuels 
depends upon the commercial market and cannot be accurately predicted. Transportation 
costs depend upon the specific refinery sources used and these cannot be identified until 
contracts are awarded. Using a single fuel would also result in many small cost savings 
that are difficult to identify and estimate. For example, the accounting and administrative 
costs of managing one fuel would likely be less than that of managing two fuels. 

The savings from use of a single fuel would be spread out among all the storage 
activities, ships, laboratories, etc. that currently deal with two fuels. The savings at any 
individual activity might be negligible, but perhaps as a whole they would be significant. 
Other potential savings that could offset the higher price of JP-5 are similarly difficult to 
measure. 

In addition to the difficulty of measuring costs, it is impossible to put a price on the 
benefits. What is the dollar value of improved readiness? 

Cost will be addressed throughout this thesis, but an accurate cost estimate 1s 


beyond the scope of this research and a cost-benefit analysis is not within our scope. 
Cc METHODOLOGY 


A wide variety of references as well as interviews and correspondence were used 


in the collection of data for this thesis. DoD and Navy publications were used to ascertain 


policy, operational requirements and current logistics methodologies. Previous studies of 
the issue were reviewed, including the “Navy Fuel Specification Standardization” report 
prepared by the Belvoir Fuels and Lubricants Research Facility, which examined replacing 
F-76 with JP-5 in April 1992; studies prepared for the DoD conversion to JP-8 as the 
single fuel used ashore; and a study for the Federal Aviation Administration (FAA) 
completed in June 1998, which was considering adopting a high-flash point JP-5 type fuel 


for use in all commercial airlines. 
D. ORGANIZATION OF STUDY 


This thesis is divided into six chapters. Chapter II provides background 
information on Naval petroleum logistics, fuel types, and the single fuel concept. Chapter 
III is a synopsis of previous research on the technical and maintenance issues involved in 
replacing F-76 with JP-5. Chapter IV addresses the availability of JP-5, both as the most 
significant problem and the most significant benefit of replacing F-76 with JP-5. Chapter 
V addresses the operational and readiness benefits and impacts of replacing F-76 with JP- 
5. Chapter V also examines the cost of replacing F-76 with JP-5. Chapter VI concludes 


the thesis with recommendations for DoD and suggests areas for further study. 
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Ul. © BACKGROUND 


x. INTRODUCTION 


This chapter provides the background information necessary to understand the 
universal-fuel-at-sea concept and to assess its feasibility, benefits and impacts. 
Specifically, this chapter discusses the types of fuel used by DoD, the organizations with 
petroleum logistics roles related to this research, and the petroleum logistics supply chain 
from refinery to warship. This chapter also provides historical background and defines the 


universal-fuel-at-sea concept as interpreted in this research. 


B. TYPES AND PRICES OF FUEL 


1. JP-5 (Turbine Fuel, Aviation; Naval Jet Fuel) 


JP-5 is a 100% kerosene-blend high-flash point jet fuel used by all U.S. Navy 
shipboard aircraft. JP-5 differs from other jet fuels because its minimum flash point is 
140° F. The specifications for both the international standard commercial jet fuel (JET 
A1) and the DoD jet fuel used ashore (JP-8) only require a minimum flash point of 100°. 
Flash point is the temperature at which fuel will produce enough vapor to flash into flames 
when a spark is introduced. Since temperatures aboard ships and on ships’ decks can 
exceed 100° F, and unlike in buildings and on airfields personnel cannot just evacuate or 


move away from a fire, all Navy shipboard fuels must have a minimum flash point of 140. 


JP-5 is the only fuel approved for shipboard aviation. JP-5 is a unique military fuel 
without any equivalent or substitute, commercial or military. JP-5 is, however, an 
acceptable substitute for both F-76, the Navy ships’ bunker (propulsion) fuel, and for JP- 
8, the single fuel stored and distributed by DoD for forces ashore. This research examines 
replacing F-76 with JP-5 and adopting JP-5 as the only fuel routinely stored and 


distributed by DoD for shipboard use. 
Hd F-76 (Naval Distillate Fuel) 


Naval distillate fuel, commonly referred to as F-76, Diesel Fuel Marine or DFM, is 
the primary bunker (propulsion) fuel for Navy ships. F-76 is the bunker fuel stored in 
DoD fuel terminals (DFSPs) and delivered to ships by MSC tankers and Navy oilers. F-76 
is sumilar, but not identical, to Marie Gas Oil (MGO) and other commercial diesels. 

A primary difference between F-76 and commercial fuels relates to stability 
requirements. Refineries use both simple distillation and complex chemical processes to 
refine crude oil into usable fuels. Distillation separates the crude oil into lighter and 
heavier components using heat. One of the components obtained from distillation, after 
some purification, is essentially diesel fuel. The specification for F-76 requires that it be 
made from this straight distillate. Refineries also use complex chemical processes, 
cracking for example, to break down heavier crude components into diesel fuels; however, 
to some extent over time these processes reverse and elements of the fuel will revert to 
something closer to their crude state. F-76 also contains stability additives that are not 


typically included in commercial fuels. Because DoD stores fuel for extended periods as 


10 


war reserve, stability is essential. Straight distillate fuel and stability additives are required 
for war reserve storage. 

Another significant difference between F-76 and commercial marine diesel is that, 
for shipboard safety, F-76 has a minimum 140° F. flash point specification. Almost all 
commercial diesel fuels inherently meet this minimum, however, a minimum flash point is 
not a standard commercial requirement. 

Other F-76 specifications relate to fuel quality. For example, there are limits on 
particulates and water, ash remaining after burning, and corrosiveness. These 
specifications are intended to ensure that the fuel will not damage ships’ engines over long 
periods of use. 

JP-5, Marine Gas Oil (MGO) and commercial diesels that meet the MGO purchase 
description are acceptable substitutes for use as ship’s bunker fuel. This research 
examines replacing F-76 with JP-5. Adopting JP-5 as the universal fuel at sea would not 
prohibit the use of F-76. F-76 would remain an acceptable bunker fuel and could be used 


freely whenever advantageous. 
3. Marine Gas Oil (MGO) 


Navy ships must frequently refuel in ports located worldwide that do not have a 
Navy base or DFSP. Since F-76 is a military specification fuel, it is not available from 
commercial vendors. Marine Gas Oil (MGO) is an acceptable commercial substitute 
bunker fuel that is readily available in large quantities and in almost every port worldwide. 


MGO 1s approved for use as an alternative bunker fuel only when F-76 is not available. 
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While MGO is an acceptable bunker fuel, it is not a complete substitute for F-76. 
If it were a complete substitute, there wouldn’t be a need for the F-76 specification. The 
Navy maintains a purchase description, similar to a specification, for MGO. This purchase 
description requires that MGO be pure distillate, but does not require stability additives. 
A minimum 140° F flash point is also required. Other quality requirements are similar to 
F-76, but less stringent. The U.S. Coast Guard relies on MGO for much of its bunkering. 
Coast Guard maintenance personnel believe that continuous and long-term use of MGO 
results in greater wear and higher maintenance costs then when F-76 is used (Roberts, 17 
February 2000). 

Because it lacks stability additives, MGO must be consumed within six weeks of 
receipt. MGO 1s not acceptable for storage in DFSPs as war reserve or even as peacetime 
operating stock. In addition, MSC and Navy oilers are not permitted to carry MGO. 
During peacetime, oilers frequently hold stocks longer than six weeks. Oilers also 
replenish before using all inventory onboard, so some product remains when additional 
fuel is loaded. Loading oilers with MGO could result in problems due to deteriorating 
fuel. During a contingency when fuel stock turnover is high, deterioration would be less 
of an issue. 

Loading MGO onboard an oiler also creates much greater risk than created by a 
single ship bunkering. DESC tests show that most MGO delivered under their bunker 
contracts does not actually meet the Navy MGO purchase description for minimum quality 
requirements (Roberts, 17 February 2000). Despite not meeting the requirements, MSC 


and Navy ships using MGO have not had in any significant problems. If an oiler loaded 
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MGO that did create problems, however, that fuel would cause problems for an entire 
battle group or force. The risk of loading MGO as oiler cargo fuel, using the current 
bunker contract quality assurance arrangements, 1s unacceptable. 

In ports that are frequently visited by Navy ships and where demand will be high 
enough (10,000 barrels a year), DESC establishes bunker contracts with commercial 
suppliers. Where DoD supplied fuel is not available and a MGO bunker contract has not 
been established, ships may procure commercial bunker fuel on an emergency basis. 
Bunker contracts are established for much smaller order quantities than an oiler would 
typically require and there is no established procedure for loading oilers with MGO from 
commercial sources. Adopting JP-5 as the universal fuel at sea would not change the use 
of MGO as a substitute bunker fuel when military specification fuel is not available. 


(NAVPETOFFINST 4290.1A) 
4. JP-8 (Turbine Fuel, Aviation; The Single Fuel on the Battlefield) 


JP-8 is a kerosene-based jet fuel similar to JET Al, the commercial industry- 
standard jet fuel available worldwide. JET Al becomes JP-8 with the addition of three 
mandatory additives: Fuel System Icing Inhibitor, Corrosion Inhibitor, and Electrical 
Conductivity Additive. These additives are also required in JP-5 (JP-8 The Single Fuel 
Forward, p. 87). 

In order to reduce the number of types of fuel required for military operations 
ashore and maximize compatibility with commercial fuel, JP-8 has been designated the 


single fuel on the battlefield for DoD forces ashore. Almost all Army, Air Force, Marine, 
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and Navy aircraft, vehicles and equipment ashore operate using JP-8. Older equipment 
that operates on other fuels will be replaced with equipment that uses JP-8. (DESC 
website) 

Because the minimum flash point requirement is only 100° F, JP-8 is not approved 
for shipboard use. With the exception of minimum flash point, JP-8 and JP-5 are the same 
type of fuel. Because JP-8 is essentially the common worldwide jet fuel, however, the 
commercial availability and refinery production of JP-8 and JP-5 are significantly different. 
The difference in flash point also results in very subtle differences in the physical and 
chemical characteristics of JP-8 and JP-5. DoD’s testing and experience with JP-8 is 
examined by this research when indicative of the probable results of adopting JP-5 as the 


universal fuel at sea. 
ay JET Al and JET A (Commercial Jet Fuel) 


JET A1 is the commercial industry standard for aviation fuel, available worldwide. 
JET Al is essentially identical to JP-8 except that it may not contain three additives that 
are mandatory in JP-8. JET A is an industry standard variant of JET Al used only within 
the U.S. for domestic flights. The sole difference between JET Al and JET A 1s the 
minimum freeze point requirement. JET Al specifies a— 47° minimum freeze point. JET 
A specifies a — 40° minimum freeze point. JET A1 is frequently used as a substitute for 
JP-8 by DoD forces ashore and was used as the single fuel on the battlefield during Desert 


Storm. (JP-8 The Single Fuel Forward, p. 6) 
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Because JET Al and JET A are essentially identical to JP-8, which is very similar 
to JP-5, technical testing and use of these commercial fuels in diesel engines is examined 


by this research when indicative of the probable results of using JP-S. 
6. Fuel Costs 


The prices DoD pays to refineries for fuel rise and fall with the commercial market. 
In order to facilitate annual budgeting by the services while fuel prices continuously 
change, DESC annually sets fixed standard prices that they will charge the services for 
each fuel type. 

DESC operates on a non-profit reimbursable basis. Standard prices are based on 
estimated fuel costs plus a mark-up to rermburse DESC for its costs. DESC’s profits and 
losses are carried forward into the following years and standard prices are estimated each 
year to return the retained income balance to zero. Table 1 below provides DESC’s FY 
2000 standard prices and the average price paid per gallon during FY 1999 for the fuels 
discussed above. 

FY 1999 Average Purchase Price 


$.496 
$.465 


, $.497 
We cee : $.493 
$.790 


Table 1. FY 2000 DESC Standard Prices for Bulk Fuels and FY 1999 Average Purchase 
Price per Gallon (NAVPETOFF NOTICE 4265, DESC Fact Book FY 99) 





Because DESC standard prices include all the costs of fuel support, including 


transportation, storage, administrative costs, and all other overhead, over the long-term 
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they reflect the true price of fuel to the taxpayer. The mark-up on MGO is lower than the 
other fuels reflecting the lower cost of direct delivery bunker contracts that do not require 
government storage and distribution. The higher price of JET A] reflects higher prices for 
smaller quantities at more expensive overseas locations rather than a more expensive fuel. 
For the purpose of this research, the differences in price between the fuels are more 
significant than the prices themselves. Historically, these differences have been a little 


larger, with JP-5 costing approximately five cents more per gallon than F-76. 
Cc PETROLEUM LOGISTICS ORGANIZATIONS AND RESPONSIBILITIES 


The following paragraphs identify organizations with bulk petroleum 


responsibilities significant to this thesis research. 
1. Defense Energy Support Center (DESC) 


The Defense Energy Support Center (DESC) is responsible for supporting all DoD 
energy needs and 1s the Integrated Materiel Manager for all DoD petroleum requirements. 
DESC performs worldwide acquisition and contract administration for all DoD bulk fuel 
requirements, purchasing more light refined petroleum product than any other single 
organization or company in the world. DESC also owns, finances, and monitors 
worldwide DoD bulk fuel inventories, oversees fuel terminal and storage operations 
worldwide, manages bulk fuel transportation and distribution, and is responsible for bulk 


fuel quality assurance and surveillance. (DESC Website) 


— 


DESC is organized into Commodity Business Units (CBU’s), each of which is 
responsible for a part of the DESC mission. Defense Energy Support Center Region 
staffs, located worldwide, interface with customers and coordinate support within their 
geographical areas of responsibility. CBU’s with responsibilities related to this research 


are discussed below: 


a. Bulk Fuels CBU 


The Bulk Fuels CBU functions include consolidating the petroleum 
requirements of the services; monitoring worldwide DoD fuel inventories; contracting for 
bulk fuels; quality assurance and surveillance; and managing worldwide bulk petroleum 
transportation. Transportation responsibilities include establishing policy, managing the 
transportation budget, and using MSC tankers to move bulk petroleum from refineries to 


DFSPs and between DFSPs. (DESC website) 


b. Direct Delivery Fuels CBU 


The Direct Delivery Fuels CBU provides acquisition and management for 
the Ship’s Bunker Fuel Program and for aircraft refueling at commercial airports. Using 
these programs, end-user customers order and receive fuel directly from commercial 
vendors at locations where DoD fuel is not available. The Ships’ Bunker Fuel Program 
provides propulsion fuels for Navy, Coast Guard, MSC, and U.S. government owned and 


chartered ships at 184 ports in the U.S. and 51 other countries. (DESC website) 


es. Facilities and Distribution CBU 


The Facilities and Distribution CBU manages worldwide fuel terminal 
operations, fuel inventory accounting, and Fuel Exchange Agreements (FEA’s) with allied 
militaries. In partnership with the Unified Commands and the Military Services, DESC 
Facilities and Distribution develops the annual Inventory Management Plan (IMP), which 
establishes war reserve and peacetime operating stock inventory levels. 

The Facilities and Distribution CBU’s Optimization Division uses 
managerial accounting techniques, statistical tools, modeling, and other decision support 
tools to identify new business opportunities, evaluate current systems, improve efficiency, 


validate mission support capability, etc. 
Ds Deputy Chief of Naval Operations (Logistics) 


The Deputy Chief of Naval Operations (Logistics) (OPNAV N4) ensures the 
adequacy of support for operating force logistics requirements including logistics review 
of war plans, integrating Navy logistics within the jomt arena, and mobilization and 
industrial preparedness planning efforts (OPNAVINST 4000.85). The Energy Plans and 
Policy Branch for Deputy Chief of Naval Operations, Logistics has contracted with 
consultants and intends to establish a process action team (PAT) to study replacing F-76 


with JP-5. 
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3. Navy Petroleum Office (NAVPETOFF) 


The Navy Petroleum Office (NAVPETOFF) oversees all Navy fuel programs 
maintaining close liaison with DESC as the Navy’s representative for all petroleum related 
issues (NAVPETOFF website). NAVPETOFF provide technical direction for petroleum 
programs within the Navy including facilities management and storage utilization, 


technical operations, and quality surveillance. (NAVPETOFF Website) 
4. Naval Sea Systems Command (NAVSEA) 


“The Naval Sea Systems Command (NAVSEA) is the Navy Department's central 
activity for designing, engineering, integrating, building and procuring U.S. Naval ships 
and shipboard weapons and combat systems” (NAVSEA Website). NAVSEA establishes 


military specifications for Navy bunker fuels. (David Higgins, 7 September 1999) 
5. Military Sealift Command (MSC) 


The Military Sealift Command (MSC) provides petroleum logistics transportation 
support at the strategic, operational and tactical levels, not only for the Navy, but also for 


all of DoD. 


a. Sealift Program 


MSC’s Sealift Program provides all strategic sealift for government 
requirements. During normal peacetime conditions, the MSC Sealift Program operates 


approximately eight to ten commercial fuel tankers under long-term charter to DoD. 


These common-user (for support of all services) tankers lift bulk fuels from refineries for 
shipment to DFSPs and transfer fuel between DFSPs as needed. During contingencies, 
these tankers also deliver fuels to the theater. When requirements exceed the capacity of 
the long-term charter tankers, such as during contingencies, MSC will charter additional 
commercial tankers or may activate Ready Reserve Force (RRF) vessels. DESC and MSC 
work closely to coordinate the strategic movement of fuel, with DESC determining 


requirements and scheduling and MSC maintaining operational control of the tankers. 


b. Navy Fleet Auxiliary Force (NFAF) 


MSC’s Navy Fleet Auxiliary Force (NFAF) is the backbone of the Navy’s 
operational logistics. The NFAF includes 13 Kaiser Class oilers (TAOs). These oilers are 
used exclusively for to support Navy requirements and they are fully capable of underway 
replenishment (UNREP) of combatants. TAOs serve as shuttle oilers, transporting fuel 
from DFSPs to deployed ships and battle groups, and as station ships, assigned to battle 
groups as organic oilers. NFAF oilers are crewed by civilian mariners and a small military 


communications detachment. 


C. Prepositioning Program 


MSC’s Maritime Prepositioning Force includes three prepositioned tankers 


for support of Navy fuel requirements. 
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6. Maritime Administration (U.S. Dept. of Transportation) 


The U.S. Department of Transportation’s Maritime Administration (MARAD) 
maintains the National Defense Reserve Fleet (NDRF), which includes an inactive 
(mothball) fleet of 20 tankers that can be activated to during national emergencies. Ten of 
the NDRF tankers are part of the rapid activation Ready Reserve Force (RRF). Each RRF 
tanker is maintained in a designated days-to-operationally-ready status of four, five, ten, 
20 or 30 days. The RRF is intended to support rapid deployment by meeting the critical 
surge requirements that might occur before sufficient commercial vessels could be 
chartered. The RRF includes ten of the twenty NDRF tankers. Five of the RRF ships are 
Offshore Petroleum Discharge System (OPDS) tankers, which carry an underwater hose 
system and can deliver fuel to forces ashore from four miles out to sea. Once activated, 


RRF ships are under the control of MSC. (Keane) 
i Military Traffic Management Command (MTMC) 


The U.S. Army’s Military Traffic Management Command has contracting 
authority for pipeline, barge, rail car and truck transportation of bulk fuels. MTMC and 


DESC maintain a close working relationship to manage shipments. 
8. Geographical Unified Commanders 


DoD has assigned unified combatant commanders for geographic regions of the 
world. For example, all DoD activities within the Pacific and Indian Ocean areas are 


under the operational command of U.S. Commander in Chief, Pacific (USCINCPAC). 


Zz) 


Unified commanders have the predominant fuels responsibility within their geographic 
area. Joint Petroleum Offices (JPOs) are assigned under the geographic unified 


commanders to manage their fuels responsibilities. (Joint Pub 4-03) 
9. Joint Petroleum Offices (JPOs) 


Under the direction of the Geographical Unified Commander, the JPOs work with 
DESC and the service components to coordinate fuel support within their assigned area of 
responsibility. Joint Petroleum Offices are the functional experts in the fuel requirements 
and infrastructure capabilities for their assigned region. They coordinate the collection of 
data for determining war reserves and operating stock requirements, track inventories at 
DFSPs ensuring that war reserves are maintained, coordinate DFSP replenishment, 
participate in the preparation of operational and contingency planning, and coordinate fuel 


support during the execution of exercises and operations in their area. 
D. THE PETROLEUM SUPPLY CHAIN 


The term supply chain implies that petroleum logistics functions operate in a series 
of links from the refinery to the warship. To a large degree this is true. These links 
includes refinery purchase, strategic lift, DFSP storage, shuttle lift, cargo consolidation 
(CONSOL), station ships, and underway replenishment (UNREP). These links are, 
however, not fixed. Alternative methods of delivering DoD fuels ensure the system is 


flexible and sustainable. In addition, fuels can also be obtained from local sources, outside 


Ze 





the main supply chain for DoD owned fuel. Figure one below, graphically depicts the 
petroleum supply chain. 
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Figure 1. The Petroleum Supply Chain 

The end of the petroleum supply chain is UNREP of combatants in the operational 
area. Delivery to the forces at sea in the area of operations 1s critical. If ships need to 
leave the area of operations to transit and receive logistics support 50% of the time, for 
example, force strength is effectively halved. In this case, delivering logistics support to 
the theater doubles the strength of the force. While the example above is an unrealistically 
extreme case, it illustrates the “force multiplier” provided by in theater underway 
replenishment. The purpose of the petroleum logistics chain is to provide the right fuel, in 


Jes. 


the right place, at the right time to enable forces to remain mission capable in the area of 


operation indefinitely. 


i Acquisition Logistics — Contracting, Ordering and Delivery 





a. Determining Requirements 


Each year, the Unified Commands, the Military Services, and DESC, 
through a coordinated effort, promulgate an Inventory Management Plan (IMP) for bulk 
petroleum. For each DFSP, the IMP sets war reserve and peacetime operating stock 
inventory levels. Based on the total inventory objectives set by the IMP, inventories on- 
hand and anticipated demand at each DFSP, DESC estimates and contracts for the 
quantity of fuels required at each DFSP. When contingencies increase requirements, 


DESC responds with supplemental contracts for additional fuel. (DESC website) 


b. Contracting with Refineries 


Bulk fuels are purchased from refinery sources under annual delivery order 
contracts. Worldwide bulk fuel requirements are divided into four major purchase 
programs. Western Pacific contracts support U.S. military forces in the Pacific, Indian 
Ocean, and Middle East areas. Atlantic, Europe and Mediterranean contracts support 
customers in Europe Iceland and the Azores. Domestic requirements are split into two 
programs, U.S. East and Gulf Coast contracts (which also support requirements in 
Panama, Puerto Rico and Guantanamo Bay, Cuba) and U:S. Inland and West Coast 


contracts (which include Alaska and Hawaii). 
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Contracts are established through competition among offerors through a 
negotiation process. Terms and conditions of the contract must be discussed and 
negotiated with each offeror because each refinery’s total capacity, capacity by product 
type, and commercial customers’ demands are different. The price at which each 
individual refinery can provide fuel will vary depending upon the annual quantity 
contracted, the size of each order, and other variable factors. These factors must be 
negotiated to ensure each potential supplier can offer their best price by optimizing their 
capability. Contracts are not awarded strictly to the lowest bidder. DESC uses a 
sophisticated linear program that considers the quantities and prices offered by each 
potential refinery source, demand and constraints at the locations where the fuel will be 
required, the transportation costs between offering refinery sources and the locations 
where the fuel will be required, and other costs. Using the linear program and negotiation 
with offerors, DESC works to award the combination of quantities from each offeror that 
will result in the lowest total fuel cost, including transportation and all other costs. 
(DESC website) 

Contracts include both requirements and indefinite quantity type contracts. 
Minimum and maximum annual quantities are defined in the indefinite quantity contracts. 
Minimum and maximum delivery order quantity limitations are defined in both types of 


contracts. 
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Cc. Ordering 

JPOs and DFSPs track their inventory levels and projected requirements. 
Using the inventory objective and the economic reorder quantities specified in the IMP, 
these organizations estimate when the reorder point will be reached and request 
replenishment at that point. In coordination with refineries, MITMC (for surface and barge 
transport) and MSC (for tanker transport), DESC places a fuel order with a contracted 
refinery to replenish the DFSP inventory. (DESC website) 

Contracts contain price adjustment clauses with prices indexed to 
commercial market price indicators. As market prices and these corresponding indicators 
rise or fall, contract prices are adjusted parallel with the commercial market. When fuel is 
ordered under contract, DESC pays the contract price as adjusted by the contract price 


index on the date of delivery. (DESC website) 


d. Transportation to DF SPs : 


Most bulk fuel ordered by DESC is purchased free on board (FOB) origin. 
Origin purchase allows DESC to ship at the lowest cost using the mode best suited to the 
operation. Pipelines, tankers, barges, trucks and rail cars are used to transport bulk fuels. 

About 60% of DESC’s domestic shipments are transported by pipeline. 
The Military Traffic Management Command (MTMC) has transportation contracting 
authority for all modes except ocean tankers. DESC and MTMC maintain a close 


working relationship to manage shipping requirements. 
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Most overseas shipments are made by MSC tanker. The DESC Bulk Fuels 
CBU manages shipments by ocean tanker. The Military Sealift Command (MSC) charters 
and retains operational control of ships, responding to DESC’s requirements. DESC in 
coordination with MSC maintains a tanker transportation fleet of eight T-5 equivalent 
tankers in support of its worldwide tanker resupply mission. This is a core fleet, fully 
employed during routine peacetime operations. Flexibility, surges and unprogrammed lifts 


are met by hiring spot charters on an as needed basis. 
2. Strategic Logistics — Sealift and Defense Fuel Support Points 


On a strategic level, fuel support includes fuel inventories located worldwide at 


DFSPs and the capability to move fuel to the area of operations with MSC sealift. 


a. Defense Fuel Support Points 


Defense Fuel Support Points (DFSPs) are fuel terminals that store DESC 
owned fuel. Table 2 below identifies the DFSPs worldwide that support Navy F-76 and 
JP-5 requirements. Logically, many of these DFSPs are located on or near naval bases. 

Fuel stored is both Petroleum War Reserve Stocks (PWRS) and peacetime 
operating stocks. PWRS are sized to meet the deployment and combat operation 
requirements of a contingency in the geographic area until resupply can be obtained from a 
secure source (DDOD 3110.6). Peacetime operating stock levels are sized to cover 
average peacetime demand and most variation in demand between routine replenishments. 
PWRS and peacetime operating stock levels as well as the methodology used to determine 
them are classified. When demand is higher than expected, even during peacetime, 
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FISC San Diego (Point Loma), CA 
SUBASE New London, CT (F-76 only) 
NAS Key West, FL (JP-5 only) 
NAVSUBASE Kings Bay, GA (F-76 only) 
DFSP Carteret, TX 

DFSP Craney Island, VA 

NAB Little Creek, VA 

DFSP Souda Bay, Crete (NATO) 

NSF Diego Garcia 


DFSP Augusta Bay, Italy (NATO) 


DFSP Hakozaki, Japan 


DFSP Akasaki, Japan 
DFSP Kwajalein, Marshall Islands 
DFSP Senoko, Singapore 


DFSP Aden, Yemen 


NAS North Island, CA 

FISC Jacksonville, FL 

NAS Pensacola, FL (JP-5 only) 

FISC Pearl Harbor, HI 

DFSP Houston, TX 

DFSP Sewells Point, VA 

FISC Puget Sound (Manchester), WA 
NAVSTA Guantanamo Bay, Cuba 
COMNAVMARIANAS Guam 

DFSP Gaeta, Italy (NATO) (F-76 only) 
DFSP Yokose, Japan 

DFSP Torizaki, Japan 

NAVSTA Roosevelt Roads, Puerto Rico 


NAVSTA Rota, Spain 





Table 2. DFSPs that Support Navy F-76 and JP-5 Fuel Requirements (NAVPETOFF 
INSTRUCTION 4025.1D) 


peacetime operating stocks may be depleted and PWRS used. Peacetime penetrations of 


PWRS are reported to DESC and the Geographical Unified Commander and 


replenishment is scheduled as soon as practical. 


DESC oversees but does not operate DFSPs. DFSPs may be government 


owned and operated, government owned and contractor operated, contractor owned and 


operated, or may even be owned and operated by an allied foreign government. Many of 
the DFSPs that support the Navy bunker requirements are owned and operated by the 
Navy. 

At locations where pipelines connect the DFSP to Navy base piers, fuel is 
delivered from the DFSP by pipeline to the ship or oiler. Where DFSPs are not connected 
by pipeline to the Navy base piers, fuel is either delivered to the ship by barge or tank 
truck, or the receiving ship must go to the DFSP’s pier. Most DFSPs own the barges and 
tank trucks used for delivery. Due to the quantities required, oilers must be loaded by 
pipeline. 

During normal peacetime operations and during most contingencies, the 
nearest DFSP will be the primary source of fuel for Navy operations. To guarantee oilers 
are loaded only with fuels that meet military specifications, unless specifically arranged, 
oilers will only load at DFSPs. DFSPs are also the required source for Navy ships’ in-port 


replenishment when at a location supported by a DSFP. 


b. Strategic Sealift - Movement to the Theater of Operations 


Strategic lift of fuel is accomplished through tanker transportation directly 
from refineries or from DFSPs outside the area of operations to the theater. For Navy fuel 
requirements, strategic sealift usually moves fuel to the DFSP nearest to the operations. 

Strategic sealift is common-user transportation; that is it supports all 
services and defense agencies, and is the responsibility of Military Sealift Command 


(MSC). MSC must apportion strategic sealift capacity to meet joint requirements. When 


Jb 


assets are insufficient to fill all requirements on schedule, the unified commander 
determines shipment priorities. 

The first asset used for strategic sealift is MSC’s core fleet, discussed 
above. During contingencies, MSC will procure additional charter tankers to meet the 
additional requirements of strategic lift. If possible, U.S. flagged commercial tankers will 
be chartered, however, strategic fuel lift requirements during contingencies are expected 
to exceed the capacity of suitable and available U.S. merchant tankers. Ifa sufficient 
number of merchant tankers are not available, MSC must use foreign flagged ships or 
activate RRF and NDRF tankers. (Miller, p. 39) 

In addition to moving fuel forward to the DFSP nearest to the operations, 
tankers can also deliver fuel directly to forces at sea by transferring fuel at sea to oilers and 
can even provide limited underway replenishment to combatants. These options will be 


discussed below. 
3. Operational Logistics — Shuttle Ships and Cargo Consolidation 


The acquisition and strategic logistics links in the supply chain provide fuel to the 
area of operations, usually to the nearest DFSP. Operational logistics delivers that fuel to 
forces at sea in the area of operations. 

Sustaining multiple battle groups at sea requires a continuous flow of shiploads of 
fuel. MSC’s Kaiser Class Oulers (TAQOs) will shuttle fuel from the nearest DFSP to the 
forces. Ships steaming independently or in a smaller task force are not typically 


accompanied by an oiler, and receive UNREP directly from these shuttle oilers. For battle 
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group resupply, shuttle oilers will transfer cargo fuel to the oiler accompanying the battle 
group and, if time permits, may also directly UNREP combatants. The transfer of cargo 
fuel to oilers at sea is referred to as cargo consolidation (CONSOL). 

In addition to delivering fuel to the DFSP nearest to the operating area, 
commercial, NDRF, and RRF tankers can bypass the DFSP nearest the theater and 
directly CONSOL oilers at sea using the receiving oilers UNREP stations. Although this 
direct delivery capability makes using the nearest DFSP unnecessary, it is not usually 
advantageous to CONSOL from tankers. Fuel consolidations from merchant tankers can 
take up to two days operating only in daylight hours (Miller, p. 25). 

The larger the force and the further from DFSP storage, the greater the number of 
oilers required to shuttle consolidation cargos to the deployed force. At some 
combination of force size and distance the number of oilers will be insufficient and direct 
tanker CONSOL will become advantageous or even necessary. 

Shuttle ships are assigned under the operational control of the logistics task force 
commander. The logistics task force commander coordinates with the force commander 
and battle group commanders to develop shuttle schedules. Battle group commanders will 
be informed when a shuttle will arrive and the time it can remain with the battle group 
before it should be released to support other forces or replenish. The battle group 
commander assumes tactical control of shuttle ships while they are operating with the 
battle group. Effective operational and tactical control is necessary to prioritize delivery 
to where it is most urgently needed and to where it will not interfere with operations. In 


addition, since oilers and tankers are defenseless high-value assets, effective operational 
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and tactical control is necessary to minimize the probability of an encounter with the 


enemy and to coordinate protective escorts. 
4, Tactical Logistics — Station Ships and Underway Replenishment 


The tactical end of the petroleum logistics supply chain provides UNREP to 
combatants where and when desired by operational commanders. Ideally, each battle 
group includes an organic Combat Logistics Force (CLF) fast combat support ship (AOE) 
that will continuously remain with the battle group providing storage and distribution of 
replenishment stocks of petroleum, ammunition, parts and stores. 

Organic storage of replenishment stocks is necessary to provide adequate 
endurance for battle groups. Ifa shuttle ship is lost to enemy action or mechanical 
casualty, a station ship would be essential to ensure adequate fuel is on-hand to support 
operations until another shuttle ship arrives. In addition, fuel consumption by a battle 
group can have considerable and difficult to predict variance. The fuel economy curve for 
ships is nonlinear and changes in speed and the intensity of operations greatly impact 
consumption (Modisette, p. 8). Without the station ships’ fuel stocks, shuttle 
replenishment would be required much more frequently, based on the highest possible 
consumption rates. 

In addition to organic storage and increased endurance, station ships provide 
flexibility for the operational commander to schedule UNREP when it will not interfere 
with operations and when it 1s safe. UNREP ships transfer fuel to other ships while 


steaming alongside at only 150 feet apart. At times sea state, restricted area, and shallow 
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water can make underway replenishment impossible. Ships usually must change course 
and reduce speed to conduct UNREP. During UNREP the combat capability of the ships 
involved is significantly degraded. In a high-intensity conflict or during inclement weather, 
the operational commander must have the flexibility to delay UNREP to unsure the safety 
of both the receiving ship and the CLF ship. To ensure ships’ fuel levels remain high 
enough to delay UNREP when necessary, Battle Group Commander will typically 
schedule replenishment of each ship in the battle group about every four days. UNREP 
scheduling is an important operational issue. (Miller, pp. 3-17) 

Ships and groups operating without a station ship receive UNREP from shuttle 
oilers as scheduled by the logistics task group commander. 

To ensure the capability to maintain forces at sea despite losses of oilers to enemy 
action or mechanical casualty, the Navy has developed and produced modular fuel delivery 
Stations that can be rapidly installed on merchant tankers for tanker-to-combatant 
UNREP. Each modular UNREP station has two hoses and can deliver two different fuels, 
each at a rate of 3,000 gallons per minute or one fuel at a rate of 6,000 gallons per. One 
Station can be operated without increased tanker manning. Two stations would require an 
additional eight to ten crewmembers. The UNREP capability of merchant tankers would 


be significantly less than the capability of MSC and Navy oilers. (Miller, p. 39) 
>. Host Nation Support 


In addition to DoD owned fuel and the petroleum supply chain discussed above, 


Navy forces also draw on allied governments and commercial sources for fuel support. 
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a. Fuel Exchange Agreements 


DESC has established agreements with 91 countries to provide fuel to 
DoD on a reciprocal basis (most of these agreements are for shore-based aircraft support). 
These bilateral fuel exchange agreements (FEA’s) are used as the second level of supply 
when U.S. Government owned fuel is not available. Many of our allies also use F-76 and 
JP-5 and are able to provide fuel to visiting ships through FEA’s. Table 3 below lists the 


countries with which we share FEA’s that support Navy ships’ fuel requirements. 


Argentina MGO 
Australia F-76, JP-5 
Canada F-76, JP-5 
Chile F-76 
France F-76, JP-5 
Japan F-76 


Korea F-76, JP-5 

Malaysia MGO 

Pakistan F-76, JP-5 

Peru F-76, JP-5 

Turkey F-76 | 
United Kingdom F-76, JP-5 

Table 3. Countries Participating in Bilateral Fuel Exchange Agreements 
(NAVPETOFF INSTRUCTION 4025.1E) 





Arrangements to transfer fuel under FEA’s vary depending on the 
agreement and circumstances. Support from some countries is very limited. For large 
battle group requirements, the area JPO or battle group commander must arrange 
requirements far in advance. Most often, JP-5 is not available in quantities required by 


carrier battle groups. 


34 


b. Bunker Contracts 


Worldwide Bunker fuel contracts provide a third level of supply where 
U.S. Government owned stocks and FEA’s are not available. DESC has contracts for the 
direct delivery of ships’ bunker fuels in 94 CONUS ports and 90 overseas ports in 51 
countries. (Ships’ Bunkers Purchase Procedures) 

The type of fuel Navy ships receive from these contracts is normally 
Marine Gas Oil (MGO). Contracted suppliers are provided the DoD purchase description 
for MGO and agree to provide fuel meeting the specification. Ordering officers (ships’ 
supply officers) are responsible for ensuring the fuel delivered meets specifications. 
(NAVPETOFFINST 4290.1A) 

DESC has contracted with a commercial company that provides sampling 
kits, packaging and sample shipment to the contracted laboratory. MSC vessels take 
samples for testing whenever fuel is loaded. These tests do not confirm the fuel is on- 
specification prior to loading, but are used to check contractor compliance. In 1999, 


DESC spent $100,000 for MGO testing. (DESC website) 


Cc. Open Market Purchase of Bunker Fuel 


In ports where there is no DFSP, FEA, or bunker contract, ships’ are 
authorized to make an open market purchase of bunker fuel only if operational 
considerations prevent delay of fueling until U.S. Government owned or DESC contracted 
sources for fuel are available. Deployed ships are required, however, to refuel whenever 


on board inventory is projected to drop below 80% of capacity. This requirement usually 
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means that, unless an UNREP 1s scheduled shortly before or after a port visit, ships will 
refuel during that port visit. For ships steaming independently, not in a task force or battle 
group, bunkering from non-contract sources is fairly common. The type of fuel Navy 


ships receive from these purchases is Marine Gas Oil (MGO). The Contracting Officer, 





normally the ships’ supply officers, is responsible for ensuring the fuel delivered meets 


specifications. (NAVPETOFFINST 4290.1A) 


E. HISTORICAL BACKGROUND 


1. The Universal Fuel at Sea 


In the late 1960’s the navy used three fuels to power its ships and aircraft: Navy 
Special Fuel Oil (NSFO) was used for steam generation; Fuel Oil, Diesel marine was used 
in diese] engines, small craft and for auxiliary power on some ships; and JP-5 was used for 
carrier based aircraft. Fuel Oil, Diesel and JP-5 were also acceptable substitutes for use in 
boilers. (Tosh) 

In 1967, the idea of adopting JP-S as the only fuel used aboard Navy ships and 
aircraft was first examined. At that tume JP-5 cost twice as much as NSFO and it 
appeared that there would be insufficient supplies of JP-5 to meet both propulsion and 
aviation requirements. Although JP-5 was not adopted as the only fuel, F-76 was adopted 
as the fuel used for ship’s propulsion, replacing NSFO. (Tosh) 

Since that time, interest in converting to a single fuel has continued. Surprisingly, 


the interest in adopting JP-5 as the ship’s propulsion fuel has not generally originated from 
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supply logisticians. Much of the interest has been based on the potential for reducing 
turbine engine maintenance. 

The most significant study was conducted in 1992 by the Belvoir Fuels and 
Lubricants Research Facility. That study concluded that conversion “would not be 
detrimental to fleet operational readiness,” but that the benefits are “very difficult to 
quantify,” and that it would be, “at least initially, very costly for the Navy.” (Tosh) In 


summary, the study did not present a strong case for converting to all JP-5S. 
yp The Single Fuel on the Battlefield 


DoD forces ashore have adopted JP-8 as the single fuel on the battlefield (also 
called the single fuel forward) used to fuel all DoD land based aircraft, vehicles, and 
equipment. Although improved logistics capability is the most touted benefit of the 
conversion to a single fuel on the battlefield, it was not the sole impetus for conversion 
(JP-8 The Single Fuel Forward). In fact, prior to the conversion many petroleum 
logisticians believed the conversion was not possible due to a limited availability of JP-8 
from refineries (Roberts, 17 February 2000). 

Conversion to JP-8 from JP-4 for land-based aircraft was initially proposed in 
1975. The rational was commercial availability (it is JET Al plus additives) and increased 
safety (JP-4 has no minimum flash point). Conversion for of all vehicles and equipment 
ashore began in 1981 when the M1 Abrams Main Battle Tank and other gas turbine 
equipment experienced severe cold start problems in Germany using NATO standard 


diesel. Initially, a jet fuel-diesel mix was used in the winter months, but all NATO ground 
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equipment was converted to JP-8 by 1992. Conversion of all DoD equipment ashore 
worldwide, with minor exceptions, 1s fully implemented today. (JP-8 The Single Fuel 
Forward) 

DoD remains flexible in its single fuel on the battlefield concept. During Operation 
Just Cause in Panama and the Haiti and Somalia peacekeeping missions, JP-5 was 
designated the single fuel forward and was used in all Army, Air Force, Navy and Marine 
Corps vehicles, aircraft, and equipment ashore. (White Paper on JP-8, pp. 10-11). During 
Desert Storm JET Al was used as the Single Fuel on the Battlefield (JP-8 The Single Fuel 


Forward). 
ite THE UNIVERSAL-FUEL-AT-SEA CONCEPT DEFINED 


The universal-fuel-at-sea concept simply replaces F-76 purchased by DESC and 
stored in DFSPs as war reserve and peacetime operating stocks with JP-5. Although the 
concept as defined by this research 1s simple, it is variously interpreted and sometimes 
misunderstood. The most frequent misunderstandings encountered while discussing this 
research with DoD personnel were, that if JP-5 is the universal fuel at sea, F-76 and MGO 
can never be used and since JP-5 is not available from commercial vendors it will reduce 
the number of “gas stations” available to the warfighter. 

Although JP-5 is a military specification fuel that is not available to the warfighter 
from commercial vendors, F-76 1s also a military specification fuel that 1s not available to 
the warfighter from commercial vendors. The universal-fuel-at-sea concept does not mean 


that F-76 and MGO cannot be used. It does not mean that F-76 supplied by allies under 
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FEA’s or MGO supplied by commercial sources under bunker contracts cannot be used. 
Adopting a universal fuel at sea does not mean the principles of maximizing flexibility and 
host nation support would be abandoned. 

Just as the Air Force continues to refuel with JET Al at commercial airports 
though JP-8 is the single fuel ashore, the Navy would continue to bunker with MGO from 
in ports without DoD fuel stocks though JP-5 is the universal fuel at sea. JET Al, not JP- 
8, was the single fuel on the battlefield (ashore) during Desert Storm (JP-8 The Single 
Fuel Forward). JP-5, not JP-8, was the single fuel on the battlefield (ashore) during 
Operation Just Cause in Panama and the Haiti and Somalia peacekeeping missions (White 


Paper on JP-8, pp. 10-11). 
G. CHAPTER SUMMARY 


This chapter provided background information relevant to replacing F-76 with JP- 
5 and adopting JP-5 as the universal fuel at sea. Chapter II] examines the technical issues 
relating to using JP-5 in shipboard equipment and the feasibility of replacing F-76 with JP- 


>: 
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II. TECHNICAL FEASIBILITY AND MAINTENANCE IMPACTS 


A INTRODUCTION 


Adopting JP-5 as the universal fuel at sea will only be possible if all systems and 
equipment can operate satisfactorily with JP-5. JP-5 has often been used as a bunker fuel 
when F-76 was not available, even during contingency operations and for extended 
periods. JP-5 that no longer meets aviation specifications, but is still suitable for bunker 
fuel is infrequently but routinely downgraded to F-76. During the Iranian crisis in 1982- 
83, all ships operating in the Indian Ocean were replenished only with JP-5 because Diego 
Garcia did not have stocks of F-76 (Tosh, p. 18). From 1980 through 1983, all Army 
equipment operating in the Panama area out of Fort Clayton ran on JP-5; there were no 
reported problems (Tosh, p. 21). Today, Naval Air Station Key West only carries JP-5 
and supplies p-5 as bunker fuel to visiting ships. 

Although JP-5 has been routinely used as bunker fuel, not all JP-5 specifications 
match or exceed all F-76 specifications. For example, the maximum cloud point for F-76 
is -1°C, but JP-5 does not have a maximum cloud point requirement. Most specification 
differences are not significant. In the cloud point example mentioned above, for example, 
on-specification JP-5 always inherently meets the F-76 cloud point specification. Some 
differences between JP-5 and F-76 have, however, been identified as potential problems: 


lower heat value, lower cetane number, and lower viscosity and lubricity. 
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This chapter discusses these potentially problematic attributes of JP-5 as well as 
other fuel specification issues. This chapter also specifically addresses the technical and 
maintenance impacts of using JP-5 in each of three types of systems the Navy uses for 


propulsion and auxiliary systems: steam-power, gas turbines and diesel engines. 


B. PROBLEMATIC ATTRIBUTES OF JP-5 


1. Lower Heat Value 


Belvoir Fuels and Lubricants Research Facility (BFLRF) tests found that on 
average JP-5 has 2.6% less volumetric energy content (BTU) than F-76 (Tosh, p. 5). The 
BFLRF study directly translates this into a 2.6% reduction in range and a 2.6% increase in 
the amount of fuel purchased. (White Paper on JP-8, p.8) 

Real world experience, however, generally does not support this theoretical 
increase in fuel consumption. JP-8 has an even lower energy density than JP-5; five and 
one half percent lower than diesel (JP-8 The Single Fuel Forward, p. 19). In real world 
usage, there has not been an increase in fuel consumption where JP-8 has replaced diesel 
in fielded vehicles and equipment. During the introduction of JP-8 to NATO, fuel 
requirements were expected to rise more than four percent based on theoretical 
consumption; however, there was no increase in demand (JP-8 The Single Fuel Forward, 
p. 36). A JP-8 demonstration program at Fort Bliss in 1989 found no significant 
differences in vehicle or equipment fuel consumption rates after switching from diesel to 


JP-8 (JP-8 The Single Fuel Forward, p. 45). Moreover, since the introduction of JP-8 as 
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the single fuel on the battlefield, there has been no indication of increased consumption 
worldwide (Roberts). The Navy has not identified reduced range or increased 


consumption as an issue or problem when JP-5 has been used as bunker fuel. 
2. Lower Cetane Number 


Cetane number is measure of the starting and warm-up characteristics of a fuel. 
The minimum cetane number for F-76 is 45.0. JP-5 does not have a cetane number 
specification and most samples do not meet the F-76 specification (Tosh, p. 6). Lower 
cetane numbers can mean cold-starting problems and reduced durability in some diesel 
engines and slower acceleration and lower maximum power in power-limited systems. 
Potential problems specific to diesel engines are discussed in paragraph G below. 

There is some reduction in acceleration and power in most engines using jet fuel 
when compared to using diesel fuel. The loss is most noticeable at full throttle and 
deviation is highly engine and injection system dependent. Engines that use pressure-time 
metering of fuel show little power effect, while engines with higher injection pressures 
have greater power deviation. Some engines exhibited increased power after mechanical 
adjustment. Army testing found that power loss after changing to JP-8 was only 
significantly noticeable in a few power-limited systems and vehicle operator acceptance of 
JP-8 was favorable. The Navy has not identified reduced acceleration or maximum power 
as an issue or problem when JP-5 has been used as bunker fuel. (JP-8 The Single Fuel 


Forward, p. 129) 
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33 Lower Lubricity 


Lower lubricity can result in greater wear in fuel-lubricated pumps and fuel 
injectors. The BFLRF study reports that individuals who participated in the Iran crisis 
operations, during which JP-5 was the only fuel used, recalled a noticeable increase in 
wear rate problems in fuel pumps and injectors. However, these failures were not 
documented and failed parts were not inspected. The extent and cause of the problems 
are speculative. (Tosh, pp. 18-20) 

During Desert Storm, use of JET Al in equipment ashore was initially blamed for 
excessive wear in rotary-type injection pumps and other fuel-lubricated systems 
Subsequent investigation determined, however, that some of rotary pump problems 
resulted from a previously identified part design deficiency and the worn parts were 
supposed to have been replaced. Most other fuel related problems during Desert Storm 
were found to be caused by dirt and water contamination, flex-ring failures, unauthorized 
maintenance practices, improper rebuilds and cumulative wear, rather than JET Al’s low 
lubricity. 

General Motors limited warranty provisions on the Commercial Utility Cargo 
Vehicle because the fuel injection pump manufacturer maintained that severe wear would 
result from using JP-8 when ambient temperatures were above 71° F. However, two 
severe 10,000-mile tests conducted at GM’s Desert Proving Ground, during the hottest 


time of the year, found no pump wear whatsoever. (JP-8 The Single Fuel Forward, p. 26) 
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JET Al and JP-8 have even lower viscosity than JP-5 and JET Al does not require 
the anti-corrosion additive in JP-5. While the examples above are inconclusive and 
additional wear in some fuel lubricated parts may be expected, the successful adoption of 
JP-8 and use of JET A1 in all DoD systems ashore indicates that problems using JP-5 


should be minor and manageable. 
4. Lower Viscosity 


The lower viscosity of jet fuels may result in internal leakage from the high- 
pressure regions of fuel pumps and injection nozzles designed for diesel fuels. In systems 
that had significant power loss after changing to JP-8, this leakage may have been a larger 
source of power loss than lower heat content or lower cetane number. During the Haitian 
peacekeeping mission, where JP-5 was designated the single fuel ashore, contractors 
operating commercial vehicles with General Motors 6.5L diesel engines and rotary fuel 
injection pumps had hot starting problems due to low viscosity. The fuel injection pump 
manufacturer acknowledged a design problem and issued a replacement hydraulic head 
and rotor. Similar problems have occurred when JP-8 was used in commercial vehicles. 
Since, fuel viscosity changes with temperature, all systems are designed to accept some 
changes in fuel viscosity. JP-5 viscosity is higher than JP-8 and nearly the same as some 


diesel fuels. Robust designs should not be affected. (White Paper on JP-8, p. 11) 
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C. FUEL SYSTEMS AND STORAGE 


ie Fuel System Materials 


JP-5 is completely compatible with diesel fuel system materials (e.g. fuel lines, 
filters, seals, etc.) (JP-8 The Single Fuel Forward, p. 24). Fuel system elastomers and 
seals are unaffected by the conversion from diesel to jet fuel (White Paper on JP-8, p. 3). 
Reduced water entrainment and emulsification could reduce fuel system corrosion. (White 


Paper on JP-8, p. 2) 
De Improved Storage Stability 


Using JP-5 will reduce problems related long-term fuel storage and deterioration. 
Jet fuel is more thermally and oxidatively stable than diesel fuel, reducing the formation of 
long-term storage deterioration by-productions (White Paper on JP-8). Because JP-5 has 
stricter water reaction interface and water separation index specifications, it has better 
water separation qualities and tends to entrain less water than diesel. JP-5 1s also more 
resistance to breakdown by microbiological organisms. Diesel contains more paraffin-type 
hydrocarbons, which are a favored nutrient of some microorganisms. The Fuel System 
Icing Inhibitor (FSII) additive in JP-5 also acts as a biostat protecting against 
microbiological growth. In addition, storing only one fuel will result in easier first-in-first- 


out inventory turnover. 
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oy Mixing Fuels 


Switching fuels or mixing fuels in bunker tanks does not have technical or 
maintenance impacts except when JP-5 is added to tanks containing deteriorated or 
contaminated diesel or MGO. The introduction of the Fuel System Icing Inhibitor in JP-5 
into tanks containing excessive water, debris, or deteriorating fuel will gradually kill 
microbiological organisms and dissolve gums and sediments. This contamination will then 
be carried into the fuel filters. In other words, adding JP-5 to tanks holding F-76 or MGO 
will clean the fuel tanks and system and may initially result in more frequent filter changes. 

Aircraft-quality cleanliness must maintained in tanks and fuel distribution systems 
used to support aircraft refueling. JP-5 mixed with F-76 or MGO or stored in water- 
ballasted tanks cannot be used for aviation. Since F-76 and MGO would still be used as 
bunker fuels whenever advantageous, segregated storage and fuel systems would still be 
required. Under the universal fuel concept, to the greatest extent practical, all JP-5 and all 
fuel systems should be maintained to aviation quality standards. When other bunker fuels 
are loaded, as much JP-5 as possible should be consolidated into separate aviation quality 
storage. When JP-5 is mixed with other fuels or brought off-specification through 
contaminated systems the flexibility of using this fuel for aviation and the benefits of a 
universal fuel are lost. Most of the benefits of adopting JP-5 as the universal fuel at sea 
are not, however, achieved at the individual combatant level where other fuels would most 


often be mixed with JP-5. (Tosh, pp. 16-17) 
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4. Extended Fuel Filter Replacement Intervals 


The inherent cleanliness of jet fuel will result in longer fuel filter replacement 
intervals than F-76. As discussed above, increased filter changes may be necessary when 


JP-5 is added to contaminated or deteriorated diesels. 
= Fuel Injectors and Fuel Pumps 


Potential fuel lubricated injector and pump problems related to JP-5’s lower 
viscosity and lubricity were discussed above. JP-5 is a cleaner fuel with higher thermal 
stability requirements, less water entrainment, etc. Using JP-5 will reduce diesel and 


turbine engine injection system nozzle fouling and fuel system deposits. 
D. AIRCRAFT OPERATIONS 


Replacing F-76 with JP-5 as the primary ships’ bunker fuel will not affect aircraft 
operations as long as aircraft-quality cleanliness is maintained in tanks and fuel distribution 


systems used to support aircraft refueling. 
E. BOILERS 


The fireboxes in Navy ships’ boilers, both D-type and pressure-fired, are tolerant 
of a wide spectrum of different distillate fuels. The design fuel for Navy pressure-fired 


boilers is JP-5. Using JP-5 in boilers should have no significant effects. 
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F. GAS TURBINE ENGINES 


General Electric, the manufacturer of the LM2500 gas turbine engines used for 
Navy ships’ propulsion, specifically approves JP-5 for use in all their turbine engines. 
Allison K01 series gas turbine engines, used for ships’ service power generation, should 
also operate at least as well with JP-5 as F-76. 

Due to JP-5’s higher hydrogen content and greater thermal stability, using JP-5 
should result in lower liner temperatures and longer combustor thermal-cycle life. Using 
JP-5 results in less soot production in the combustor and a reduction in the radiant heat 
transfer to the liner. Using JP-5 also reduces the potential for coking or fouling in 
atomizers that can cause fuel spray disruptions, hot streaks and damage to combustor 


liners. 
G. DIESEL ENGINES 


Engines operating with JP-5 will not run hotter. After switching back to diesel 
from JP-8, however, some diesel engines mechanically adjusted to optimally use JP-8 
produce some over fueling at maximum throttle. Over fueling can cause excess smoke 
and, only under the most extreme conditions, over-temperature (JP-8 The Single Fuel 
Forward, p. 25). Since the heat density of JP-5 is higher than JP-8, optimizing 
adjustments would be smaller and problems with using F-76 or MGO in systems optimized 
for JP-5 would be less likely. 

Theoretically, the lower cetane of JP-5 could reduce durability in diesel engines 


that are near design limit for power output or are particularly sensitive to injection timing 
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or ignition delay. In general, however, diesel engine durability should be similar or slightly 
improved when JP-5 is used instead of F-76. Lower rates of lubricant oxidation, fewer 
wear metals, less top ring wear, lower combustion chamber deposits, and slight reductions 
of injector deposits have resulted when engines operate with JP-8. (White Paper on JP-8, 
p. 6) 

Theoretically, the lower cetane of JP-5 could make cold starting high-speed diesel 
engines more difficult. But, the lower viscosity, higher volatility, and lower waxing of JP- 
5 should make cold starting easier. The better storage stability of JP-5 will reduce fouling 
problems that can occur in launch boats and other systems that are not used very often. 
The lower viscosity of JP-5 has caused hot starting problems in a few diesel systems with 
inadequate rotary fuel pump designs. In general, JP-5 is inherently better both in 
significantly lower as well as higher temperatures than F-76 (Tosh, p. 2). Based on 
extensive prior use of JP-5 in diesel engines very few problems should be expected. 


(Tosh, pp. 20-21) 
H. EMISSIONS AND SIGNATURE 


Emissions and signature from using JP-5 should be lower because the lower 
viscosity, higher volatility, and lower cetane number of jet fuel results in better 
atomization, more premixed combustion, and slightly improved thermal efficiency 


compared with diesel. (JP-8 The Single Fuel Forward, p. 25) 
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I. SIMPLIFIED FUEL SYSTEM DESIGN 


In order to maximize flexibility, ships must maintain the capability to use MGO and 
F-76 as substitute bunker fuels. Segregated bunker and aviation fuel tanks and systems 
will still be required on all ships. Simplified fuel system design for new combatants and 


tankers will not be possible. 
J FUEL OFFLOAD FOR MAINTENANCE 


Ships need to offload fuel for some yard periods and maintenance. Since MGO 
and F-76 will be used as substitute bunker fuels and some JP-5 may be contaminated or 
off-specification for other reasons, the capability to offload fuels other than JP-5 must be 
maintained. Options for offload could include using barges to receive fuels other than on- 
specification JP-5, contracting to sell offloaded fuel, or transferring fuel to another ship’s 
bunker tanks. At some DFSPs maintaining off-specification receipt capability would 


likely require maintaining segregated pipelines and tankage. 
K. CONCLUSION 


The Technology Demonstration of U.S. Army Ground Material Operating on 
Aviation Kerosene Fuel tested over 2,800 pieces of military equipment accumulating over 
2,621,000 vehicle miles and over 71,000 operating hours in diesel and turbine driven 
generators. These tests compared performance using JP-8 and diesel fuel (DF-2). Results 
showed: (1) there was no statistically significant differences in average fuel consumption, 


(2) power loss was apparent in only a few power-limited engine systems, (3) there were 
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no catastrophic failures due to use of JP-8, (4) all fuel-related problems were resolved by 
technical consultation or were found to be similar to those experienced with diesel, (5) JP- 
8 is acceptable for use in diesel powered military systems. The study concluded that there 
were no cost penalties associated with the use of JP-8, but reduced maintenance of fuel 
systems, fewer replacements of fuel system components and extended periods between oil 
changes had potential to significantly reduce operational costs. (JP-8 The Single Fuel 
Forward, p. 136) 

The results of using JP-5 in Navy systems should be similar. Potential technical 
and maintenance problems include: 

(1) Reduced power and slower acceleration in some systems. 

(2) Increased wear in some fuel lubricated pumps and injectors. 

(3) Marginally increased fuel consumption and decreased range. 

(4) Hot starting problems in some diesel engines with rotary fuel pumps. 

(S) Initially increased fuel filter replacement after mixing JP-5 with diesel fuels. 

Potential technical and maintenance benefits include: 

Oe Reduced engine combustion-related component wear. 

(2) Reduced nozzle fouling and deposit problems. 

@G) Reduced potential for fuel system corrosion problems. 

(4) Longer fuel filter replacement intervals. 

(5) Reduced exhaust emissions and signature. 

(6) Extended oil change and filter replacement intervals. 


(7) Reduced low temperature operability problems due to fuel waxing. 
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(8) Reduced potential for microbiological growth problems in fuel tanks. 

(9) Reduced water entrainment and emulsification problems in fuel tanks. 

(10) Increased storage stability. 

(11) Improved fuel and lubricant related cold starting. 

Although it seems likely that the benefits discussed above will result in lower 
maintenance costs, actual savings are difficult to predict. Much of any savings will not be 
immediately apparent and even over time it may be difficult to directly correlate savings 
with the increased use of JP-5. Considering the higher cost of JP-5, maintenance savings 
alone likely do not provide enough justification to adopt JP-5 as the universal fuel at sea. 
However, reduced maintenance cost 1s one likely positive result of replacing F-76 with JP- 
5. 

The following chapter discusses acquisition feasibility. That is, will refineries 


supply sufficient quantities of JP-5 to replace F-76 at reasonable costs? 
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IV. AVAILABILITY AND ACQUISITION FEASIBILITY 


A. INTRODUCTION 


As discussed in chapter III, it is technically feasible to replace F-76 with JP-S. 
Technical feasibility, however, is not the only feasibility issue. The primary reasons JP-5 
has not been adopted as the universal fuel at sea are the limited availability of JP-5 from 
refineries and the higher cost of JP-5, typically five cents more per gallon than F-76. 
These two problems are to some degree different facets of the same issue. It is the limited 
availability of JP-5 that results in higher prices and at higher prices availability would 
certainly increase. 

Because DoD and allied navies are the only users of JP-5, worldwide demand and 
production is relatively very small. JP-5 accounts for only about 3 percent of U.S. jet fuel 
production (Task Group on Fuel Properties, p. 25). Refineries are designed and geared to 
produce large volumes of commercial products such as gasoline, diesel, and commercial 
jet fuel. They are reluctant to produce niche products such as JP-5 unless they obtain 
contracts for large volumes. This reluctance and other factors discussed below both limit 
the number of refineries interested in JP-5 production and increase the price. (Higgins, 22 
September 1998) 

JP-5 availability and sources are so limited, in fact, that DESC has difficulty 
purchasing enough JP-5 to meet routine peacetime aviation requirements. Although 


DESC has always managed to meet all requirements even during contingencies, it has 
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sometimes been necessary to use their leverage as the largest refined petroleum product 
customer in the world to pressure refineries and they have even been forced to impassion 
patriotism to gain adequate support. (Scheffs and Peschka, 16 March 2000) 

If DESC has difficulty meeting routine peacetime aviation requirements alone, 
wouldn’t it be impossible to increase JP-5 procurement to support bunker as well as 
aviation needs? Doubt about the answer to this question has prevented adoption of JP-5 
as the universal fuel at sea since the issue was first examined in 1967 until today. This 
chapter addresses in some detail why JP-5 availability is limited, how this limited 
availability affects the price, how availability might be increased, and the fuel procurement 


costs of adopting JP-5 as the universal fuel at sea. 


B. CAUSES OF LIMITED JP-5 AVAILABILITY 


ils Limited Excess Refinery Capacity 


Environmental regulations and the “not-in-my backyard” attitude of many 
communities has nearly, if not completely, stopped the construction of new refineries in 
the U.S. Additionally, persistently low profits have prompted domestic refiners to 
consolidate. Twenty percent of the U.S. refineries that were in operation in 1990 were 
closed by 1997 (U.S. Energy Information Administration website). At the same time, 
economic growth has increased commercial demand for petroleum products. Many U.S. 


refineries now operate at or near full capacity. For some refineries, responding to DESC 
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requirements means turning away existing customers. (Scheffs and Peschka, 16 March 


2000) 
4 Diminishing Importance of DoD as a Customer 


DoD is the largest single purchaser of light refined petroleum products in the 
world. Historically, this position has enhanced the refinery response to DESC 
solicitations. Due to military downsizing, however, DESC fuel purchases are down 42.1 
percent since FY 1988 (Task Group on Fuel Properties, p. 24). DoD’s leverage as a most 
important customer is not what it was. Although DESC’s procurement quantities are 
expected to remain nearly level in the future, worldwide commercial jet fuel demand is 
expected to grow 2.6 to 4.1% a year, further eroding any remaining refinery surge 


capacity and weakening DESC’s buying power (Task Group on Fuel Properties, p. 76). 
3: Refinery Logistics Constraints 


The petroleum refining process is complex. Not just technically, but also 
logistically. Refineries generally do not store large quantities of either crude oil or finished 
products. Most refineries are just-in-time operations receiving crude oil when needed and 
delivering finished products matching specific customer orders for specification, quantity, 
and time of delivery. Production planning is more complex for petroleum refineries than 
for most other just-in-time manufacturers. 

The specific chemical composition of each crude oil limits the types and relative 


quantities of products that can be produced and determines the processes required to 
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produce them. Producing more of one product often limits the quantity of another 
product a refinery can produce. For example, if a refinery produces more JP-5 they likely 
must reduce the output of other jet fuels that come from the same chemical fraction, or 
cut, of crude oil. At the same time, all parts of the crude must be used. Producing any 
product necessitates producing other perhaps less desirable products. When a fraction of 
crude is used to make gasoline, the remaining portion of the crude that is not suitable for 
making gasoline must be refined into something else. Refineries rely on computers and 
mathematical models to allocate crude oil components and refinery processes to determine 
how and how much of each product to produce each day, week, or month to match 
customer orders. 

Ideally, a refinery has regular customers for all their products and maintains full 
production in a near constant balance that maximizes the total value of all products and 
minimizes changes in processes and outputs. Because the quantity of each product a 
refinery can produce is somewhat dependent upon all the other products they produce, 
refineries may be limited in their ability and desire to respond to new requirements, even 


urgent contingency requirements, from DESC. 
4, Refinery Technical and Crude Oil Constraints 


When a refinery separates and breaks down the chemical compounds in crude oils 
into useable products, the more restrictive the specifications for a product, the smaller the 


quantity or yield of that product that will be produced from each barrel of crude oil. JP-5 
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specifications are more demanding than other jet fuels and more demanding than any other 
bulk fuel most petroleum refineries produce. 

The principal process by which all petroleum products are refined is distillation. 
Most refineries have an atmospheric crude distillation unit and a vacuum distillation unit, 
together known as the crude unit. The crude unit separates crude oil into cuts or streams. 
Figure 2 is a schematic diagram of a crude unit and table 4 identifies the typical streams 
produced from a crude unit. The volume of each stream produced primarily depends upon 


the properties of the crude oils processed. (Task Group on Fuel Properties, p. 14) 
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Figure 2. Schematic Diagram of a Crude Unit (from Task Group on Fuel Properties, p. 15) 
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Table 4. Typical Streams Produced from a Crude Unit (Task Group on Fuel Properties, p. 15) 







A primary restriction in JP-5 production is that it must be made from straight 
distillate. Many refineries further refine the gas oil and vacuum gas oil streams through 
more complex processes such as cracking. Cracking processes break down larger heavier 
molecules into the smaller ighter molecules that make up the more valuable gasoline and 
kerosene streams. Because cracked fuels are less stable in long-term storage, JP-5 
specifications require straight distillate fuel. Only the kerosene stream from the crude unit 
can be used to make JP-5. 

But only a fraction the kerosene stream can be used to produce JP-5. The size of 
the JP-5 cut in the kerosene stream depends upon the particular chemical properties of the 
crude oil refined. Aromatics, smoke point, naphthalene, freeze point, and viscosity 
specifications constrain the low-end cut point. The 140° F flash point limits the high-end 
cut point. 

Table 5 below lists the amount of 140° F flash point jet fuel that could be 
produced, relative to the quantity of 100° F flash point jet fuel that could be produced 


from 15 crude oil samples. (Task Group on Fuel Properties, p. 15) 






|Crude Sample {L_|J_|E |G [1 |O |A/B|C|D|F/H|K/M[N_ 
%Yield {60 | 52/47/38] 18/11 /1 |0}0/0]0)0j0]0 jo 


Table 5. JET Al yields at a 140° F minimum flash point specification relative to yields at 
a 100° F minimum flash point specification (Task Group on Fuel Properties, p. 81) 
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Table 5 shows that JP-5 cannot be produced at all from many crude oils and for all 
crude oils sampled the JP-5 yield was much lower than the commercial jet fuel or JP-8 
yield. Refineries that receive crude ou that is unsuitable for JP-5 cannot produce it 
without changing their crude oil sources. Refineries that do not have flexibility in crude 


sources may not be able to produce JP-5 at all. (Task Group on Fuel Properties, p. 81) 
De The Impact of Environmental Regulations 


The composition of gasoline and diesel fuels has been increasingly reformulated to 
reduce pollution. Some of these changes have reduced the potential JP-5 supply. In 
Europe, regulations have made diesel fuel more similar to kerosene and competitive with 
the JP-5 portion of the crude barrel. For some U.S. refineries producing JP-5 may make it 
more difficult to produce gasoline and diesel that complies with current state and federal 
environmental aromatics and distillation regulations (Task Group on Fuel Properties, p. 6 


and p. 81). 


6. Reluctance to Support DESC Annual Contracts 


Some refineries are reluctant to bid on DESC contracts because they are awarded 
annually. Supporting DESC requirements may require investment to modify refinery 
configuration and output and refineries already operating near capacity may have to turn 
away current customers to supply DoD. Even if producing JP-5 for DESC would increase 


profits, some refineries have determined it is not worth bidding on a contract when they 
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risk losing it the following year. Small refineries are particularly risk averse and less likely 
to participate (Tosh, p. 12), but even large refineries may be reluctant to bid on annual 
contracts. Some refineries that have previously supplied JP-5 but lost subsequent 


contracts will no longer bid. (Scheffs and Peschka, 16 March 2000) 
G. THE IMPACT OF LIMITED AVAILABILITY ON JP-5 PRICING 


The inability to produce JP-5 from some crude oils and the relatively lower JP-5 
yield from all crude oils may give the impression that JP-5 should be much more expensive 
than other jet fuels. This is, however, not true. The standard price of JP-5 in FY 2000 is 
only $0.01 per gallon more than the standard price of JP-8 and only $0.02 more per gallon 
than the standard price of commercial jet fuel. The lower quantity of JP-5 produced from 
a barrel crude does not mean that total refinery production decreases when JP-5 is 
manufactured. The portion of the crude that is not suitable for making JP-5 is still used to 
make other products. 

However, the balance of products that a refinery’s other customers demand will 
affect the interest a refinery has in producing JP-5 and the price that they will produce it 
for. In North America, demand for gasoline is higher than in other parts of the world and 
most refineries are configured to maximize gasoline production. Since gasoline uses a 
different cut of the crude, jet fuel production, including JP-5 production, can be 
complimentary to rather than competitive with gasoline production. In Europe and the 
rest of the world, where demand for diesel and gas oil is relatively higher, there is strong 


competition between jet fuel and gas oil and diesel for the kerosene distillate fraction of 
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the barrel. As a result, prices for jet fuel and JP-5 are higher overseas than in the U.S. 
(Task Group on Fuel Properties, p. 23) 

Refineries that have been able to offer JP-5 at prices accepted by DESC are 
presumably those with crude sources and configurations most suitable for making JP-5 
and with and other product outputs that complement rather than compete with JP-5 
production. Since JP-5 production is only 3% of total jet fuel production, it isn’t 
surprising that there are refineries that are well situated to make the quantities required. 
The fundamental question is, what would happen to the price of JP-5 if DESC purchased 


approximately twice as much JP-5 each year? 


D. THE AFFECT OF INCREASED JP-5 PROCUREMENT ON PRICES 


1. DESC Bulk Fuels Assessment 


DESC refers to the ratio of the quantity offered by refineries to the quantity 
requested by their solicitation as coverage. For JP-5 coverage is typically only marginally 
above 100%. Often 100% coverage is only achieved through negotiation. In other 
words, there is little competition among refineries to supply JP-5 and to a large extent 
DESC must accept JP-5 from all the refineries that offer it. Referring to DESC’s bidder 
selection process, an official from DESC Bulk Fuels said, “The last barrel always costs 
more than the first barrel.” This umplies that any increase in JP-5 procurement will 


increase the average price per gallon. 
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DESC Bulk Fuels officials believe that increasing procurement quantities would be 
difficult, prices would be at least marginally higher and in some areas and overseas prices 
could be significantly higher. However, if the conversion was phased over a period, 


perhaps as long as ten years, refineries would supply the required quantities of JP-5. 
Zs OPNAYV N420 Assessment 


An official from OPNAV N420, Head, Energy Plans and Policy Branch for the 
Deputy Chief of Naval Operations, Logistics, who participated in planning for and 
oversight of DoD’s conversion to JP-8 ashore, believes DESC is overly pessimistic 
regarding the refinery industries ability to support changes in demand. He believes that if 
replacing F-76 with JP-5 is phased with sufficient lead-time for refineries to respond, the 


industry will provide the increased supply of JP-5 without significantly increasing prices. 
3; Implications and Lessons Learned from the JP-8 Conversion 


Although the conversion of DoD forces ashore to JP-8 was different from what a 
conversion to JP-5 as the universal fuel at sea would be, there are some similarities and 
lessons learned from the JP-8 conversion that could be valuable. 

The JP-8 conversion was a much larger shift for the refinery industry than a JP-5 
conversion would be. Consumption of JP-4 (the jet fuel used by DoD ashore prior to JP- 
8) before the conversion was about 15% of domestic jet fuel consumption. The follow-on 
conversion of ground vehicles, equipment and systems to JP-8 further increased the 


magnitude of the demand shift. Adopting JP-5 as the universal fuel at sea would increase 
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JP-5 consumption from only approximately three percent to less than six percent of 
domestic jet fuel production. The manufacture of JP-8 is easier than refining JP-5, 
however, so although the change was larger, in another respect it was easier for refineries 
to adapt. In addition, the JP-8 conversion occurred during a period of military 
downsizing, and reduced commercial demand. 

Prior to the worldwide conversion of DoD ashore to JP-8, DoD anticipated 
availability problems and cost increases of five to ten cents per gallon over JP-4 (Task 
Group on Fuel Properties, p. 25). Similarly, today and during all! previous studies of the 
issue, DESC and NAVPETOFF have predicted regional availability problems and higher 
prices if JP-5 is adopted as the universal fuel at sea (Schefffs and Peschka, 16 March 2000; 
and Higgins, 22 September 1998). But, the JP-8 conversion was successfully completed 
with actual JP-8 costs only two to three cents above JP-4 prices. Today the standard price 
of JP-4, for which there is very little demand or procurement, is $0.18 per gallon higher 
than the price of JP-8 (NAVPETOFF Notice 4265). (Task Group on Fuel Properties, pp. 
25-26) 

Perhaps the most important success factor in the JP-8 conversion was that it was 
carried out in phases over 16 years and the refinery industry had a lead-time of two to four 


years to prepare for each phase (Task Group on Fuel Properties, pp. 26). 
4. Implications of the FAA Task Group on Fuel Properties Study 


After the crash of Trans World Airlines flight 800 on 17 July 1996 was attributed 


to a fuel tank explosion, the Federal Aviation Administration (FAA) charged the Fuels 


65 


Properties Task Group 6/7 with assessing the feasibility of using a higher flash point fuel, 
similar to JP-5, in all commercial airlines. Task Group 6/7 included representatives from 
aircraft manufacturers, the petroleum industry, air carriers, and DoD. (Task Group on 
Fuel Properties, p. 1) 

Converting the entire civil fleet to a high flash fuel would involve about twenty 
times the production quantity required to replace F-76 with JP-5. The conversion to JP-5 
as a universal fuel at sea would only prompt those refineries best suited to refine JP-5 to 
consider producing it. The conversion of the entire civil fleet would require most 
refineries to make sizable investments in new systems and equipment to develop large 
volume high flash point jet fuel production capability. The higher quantities would also 
necessitate the use of unconventional refinery processing and increased use of cracked 
stocks. Since JP-5 is made only from straight distillate, the resulting fuel would not be JP- 
5. (Task Group on Fuel Properties, p. 14) 

The Fuels Properties Task Group study included surveys of seventy-eight U.S. 
refiners representing practically 100% of U.S. jet fuel production capacity, 33 European 
refineries representing more than two thirds of European jet fuel production capacity, and 
24 Japanese refineries representing 85% of Japanese jet fuel production capacity (Task 
Group on Fuel Properties, p. 73). 

The Fuel Properties Task Group estimated, given a 150° F minimum flash pomt, it 
would require at least five years for the industry to meet demand and the cost of 
production would increase six to seven and one half cents per gallon in the U.S. and over 


twenty cents per gallon outside the U.S. (assuming a 7% return on investment). Of 
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course, the market rather than the cost of production would set the price paid by 
customers. (Task Group on Fuel Properties, p. 5) 

Considering the slightly higher flash point and much higher quantities and refinery 
investments involved, the cost increases projected by the Fuel Properties Task Group 
should exceed the worst-case costs increase if JP-5 was adopted as the universal fuel at 
sea. 

Refineries would be far less urgently motivated to respond to increased JP-5 
requirements than to conversion of the entire civil fleet to high flash jet fuel. Considering 
the much less imposing adjustments required to increase JP-5 production, however, the 
period of at least five years required to meet the civil requirement, could be considered an 


indicator that the minimum phase in period for adopting JP-5 as the universal fuel at sea 


should be greater than five years. 
a IMPLEMENTATION STRATEGIES TO MAXIMIZE AVAILABILITY 


Clearly, in order to increase JP-5 procurement without significant price increases 


DESC must find non-monetary methods to increase refinery interest in JP-5 solicitations. 
1. Phased Implementation 


As discussed above, the adoption of JP-5 as the universal fuel at sea would have to 
be phased in order to provide refineries lead-time to meet requirements. The phase-in 


period should probably be longer than five years and possibly as long as ten years. 
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In FY 1999, DESC sales of F-76 were approximately 750,318,000 gallons. In 
February 2000, DESC inventories of F-76 totaled approximately 310,968,000 gallons. 
The timing of F-76 replacement would not for the most part depend upon consumption of 
existing inventory. 

DESC would have the option to phase F-76 replacement by DFSP or by region, or 


in any manner that would best eliminate shortages and minimize price increases. 
De Long-Term Agreements 


As discussed above, some refineries are reluctant to participate in annual contracts. 
Other refineries likely reflect the risk of losing the next contract in their pricing. Since 
bulk petroleum contracts are indexed to allow prices to change with market prices, 
contracts do not lock prices in and neither DESC nor refineries risk that prices will 
become unfair or untenable over time. Since contracts do not specify an exact quantity 
that must be ordered, DESC retains some flexibility to order more or less as requirements 
change. Longer-term contracts or guaranteed renewal would ensure a secure supply for 
DESC and increase refinery participation at lower prices by providing the security ofa 


long-term commitment. 
F. FUEL COST ESTIMATE 


The effect of increased JP-5 procurement on prices is uncertain and cannot be 
determined without actual contract negotiation. The typical standard price difference 


between JP-5 and F-76 over the last two decades has been fairly consistent at five cents 
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per gallon. The current price difference is three cents per gallon. Based on previous price 
behavior, DESC opinion, and the FAA study, it 1s possible to estimate that doubling JP-5 
procurement will increase the average price of JP-5 between two and five cents per gallon. 

Bunker fuel requirements are expected to remain level for the next few years at 
approximately 750 million gallons per year. A small drop in consumption, approximately 
2.4 million gallons per year, will result from the decommissioning of the remaining two 
conventional aircraft carriers during the next decade. 

Combining the demand for bunker and aviation fuel requirements will to some 
extent reduce variation in demand and permit a small reduction in DESC inventories while 
maintaining the same safety level. However, a cursory examination of demand variation at 
DFSP Puget Sound indicates there is a strong correlation between demand for aviation 
fuel and for bunker fuel, and combining variation probably would not significantly reduce 
safety stock. 

Based on FY 1999 F-76 consumption (approximately 750 million gallons) and JP- 
5 consumption (approximately 647 million gallons) and price increases from zero to four 
cents per gallon, the fuel cost of replacing F-76 with JP-5 will be between 22.5 and 78.4 
million dollars per year after complete implementation. The percentage increase in the 
Navy’s total fuel budget, based on FY 1999 expenditures (approximately $1,547,300,000) 
would be between 2.42% and 3.88%. During the phase in period costs would be lower. 
Table 6 below shows the increased fuel cost of replacing all F-76 consumption with JP-5 


at different potential price levels. (Defense Energy Support Center Fact Book, pp. 5-6) 
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JP-5 price increase (dollars) ; 
Standard price differential with F-76 (dollars) |.03. | .04 |.05 | .06 |.07_ | 
Total fuel cost increase (millions of dollars) 


Percentage increase in total Navy fuel costs 1.5% | 2.4% 


Table 6. The Annual Cost of Replacing F-76 With JP-5 











To put this potential fuel cost increase in some perspective, consider the market 
volatility of fuel prices. The market prices of both fuels continuously change. A seven- 
cent increase in the market price of fuels, which must be considered fairly routine and 
which was certainly exceeded in FY 2000, would have the a larger effect than replacing F- 
76 with JP-5 at a price that is seven cents higher per gallon than F-76. This does not 
imply that the potential cost increases are not real or significant, but that the magnitude of 
the cost increase 1s not overwhelming. 

These estimates also only consider the increased cost of fuel. Some of this 
increased fuel cost may be offset by lower maintenance, contract administration and 


transportation costs. 


G. CONCLUSION 


JP-5 availability is limited; replacing F-76 with JP-5 will be feasible if phased over 
a period of five to ten years. By using longer-term contracts or guaranteed renewal 
agreements with refiners, the potential for shortages and price increases can be minimized. 

JP-5 costs more than F-76 and replacing F-76 with JP-5 will increase fuel costs. 


Although the amount of the cost increase is uncertain, after full implementation it will 
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probably be between 22.5 and 78.4 million dollars per year and between 1.5 and 5.1% of 
FY 1999 Navy fuel expenditures. 

Some of the increased fuel cost may be offset by reduced maintenance costs, 
contract administration, and transportation costs. 

Chapters IIT and IV of this research determined that adopting JP-5 as the universal 
fuel at sea is feasible, but it would increase costs. The remaining question for this research 
is: do the benefits of adopting JP-5 as the universal fuel at sea exceed the costs? 
Unfortunately, this question cannot be answered with simple numbers. It is impossible to 
put a price on the improved readiness and mission capability. But, the readiness benefits 
are significant. As will be discussed in Chapter V, although the limited availability of JP-5 
is the major obstacle to adopting it as the universal fuel at sea, limited availability also 


makes adopting JP-5 as the universal fuel at sea necessary. 
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V. OPERATIONAL AND LOGISTICAL BENEFITS 


A. INTRODUCTION 


The previous chapters established that it is feasible to adopt JP-5 as the universal 
fuel at sea, but it would be challenging to develop adequate refinery support for the 
increased quantities and fuel costs would increase between 22.8 and 78.4 million dollars. 
Although maintenance costs would be reduced by use of JP-5 as a bunker fuel, it is 
difficult to determine the cost savings and in any case they almost certainly will not justify 
replacing F-76. Contracting costs, inventory costs and administration costs might also be 
reduced by replacing two fuels with a single fuel, but again these offsetting savings will 
not justify replacing F-76. Because ships will still use MGO as a substitute fuel, 
segregated bunker tanks and systems will still be required. Simplified fuel system design 
for new ships will not be possible. 

Replacing two fuels stored in DFSPs with a single fuel may reduce variation and 
may allow reduced inventories while maintaining the same safety level, however, any 
potential reduction would be small and would only provide a one-time savings. Duplicate 
systems used to support two fuels at DFSPs might be abandoned saving upkeep costs or 
they might be maintained increasing redundancy and readiness. Because ships will still use 
MGO and will still need to offload for yard periods and some maintenance, however, some 
segregated tankage and pipelines would still be required in some locations. Adopting JP-5 


as the universal fuel at sea probably will not save money. 
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The previous paragraphs summarized not only the first three chapters of this 
research, but also the results of all previous studies of the potential universal fuel at sea. 
There are, however, other benefits to consider. Those benefits are addressed in this 
chapter. 

In any contingency there are risks. The Navy depends upon delivery of adequate 
fuel supplies to the area of operation to maintain operations on station. This support 
requires both an adequate supply of fuel and adequate transportation to deliver that fuel to 
forces at sea. The risks to both the Navy’s fuel supply and to the capability to move that 
fuel to forces at sea are greater today than a decade ago. Without corrective action the 
risks of petroleum logistics failure will be greater still in the future. The following chapter 
identifies the sources of the Navy’s petroleum logistics risks and how adopting JP-5 will 


reduce those risks. 
B. FUEL SUPPLY RISKS 


Many refineries now operate at or near full capacity and economic growth 
continues to increase commercial demand for petroleum products (Scheffs and Peschka, 
16 March 2000). At the same time, DoD is becoming a less important customer as fuel 
purchases shrink as a percentage of refinery output. Meeting all DoD fuel requirements 
during contingencies will be increasingly challenging in the future. 

This challenge is more critical and more significant for JP-5 than for other DoD 
bulk fuels. If JP-8 supplies are insufficient forces ashore will substitute JET A1; if ships’ 


bunker fuel supplies are insufficient, ships will substitute MGO for propulsion; but if JP-5 
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supplies are inadequate the Navy will either be forced to limit flying or to fly unsafely 
using JET Al or JP-8. Almost any refinery can produce both JET Al and MGO and even 
at the height of a contingency, DoD requirements for those commercial fuels are only a 
small fraction of worldwide consumption. Not every refinery can make JP-5 and it is a 
unique military fuel without any equivalent or substitute, commercial or military. 

DESC maintains war reserves at DFSPs around the world, but these reserves are 
only large enough to meet the deployment and combat operation requirements of a 
contingency in the geographic area until resupply can be obtained from a secure source 
(DDOD 3110.6). War reserves will not sustain operations. 

Although DESC has never had a mission failure, that organization has been 
challenged meeting past contmgency requirements. Immediately prior to Iraqi invasion, 
DESC was contracting 100% of the JP-5 supply from Kuwait. When that source was lost, 
only the patriotic impulse of Leon Hess, founder of Amerada Hess Oil, ensured an 
adequate supply of JP-5 for the Gulf War. (Scheffs and Peschka, 16 March 2000) 

JP-5 supply is the Achilles’ heel of DoD petroleum logistics. Without corrective 
action, there is real risk that DESC will not be able to procure the JP-5 required to 


support naval aviation operations during a major contingency. 
oF FUEL TRANSPORTATION RISKS 


Recognizing that oilers and tankers are high value assets that may be targeted by 
the enemy, the Navy has developed a robust system that can absorb losses. The first 


logistical safeguard is maintaining high fuel levels throughout the system. Ships routinely 
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replenish when fuel levels drop to approximately 85% of capacity. This ensures that if the 
battle group station ship is lost they will have sufficient fuel onboard to maintain 
onerations until the next shuttle oiler arrives. Station ship CONSOLS are scheduled 
frequently enough to ensure that if a shuttle oiler is lost enroute the station ship’s stocks 
will maintain the battle group until another shuttle ship will arrive. 

The second logistical safeguard is the flexibility of petroleum transportation assets. 
All types of Combat Logistics Force ships, not just oulers, are capable of UNREP. Even 
carriers are capable of escort UNREP. Shuttle ships can serve as station ships. MSC 
tankers can serve as shuttle ships and are also capable of UNREP. Commercial tankers 
can CONSOL or even provide UNREP if a modular delivery station is installed. 

Nevertheless, DoD’s capability to support all petroleum movement requirements in 
the event of two nearly simultaneous major regional conflicts is questionable and the risk 
of failure is increasing. In almost any contingency, fuel transportation requirements 
exceed the capability of government owned tankers. Augmenting MSC capabilities with 
commercial tankers during contingencies is rational, economical and intended; however, 


the number of available militarily useful commercial tankers might be insufficient. 
1. Aging Sacramento Class Fast Combat Support Ships 


The U.S. Navy currently has eight fast combat support ships (AOEs) and thirteen 
MSC Kaiser Class olers (T-AQOs) to provide tactical and operational petroleum support 
(i.e., intratheater fuel movement, CONSOL and UNREP). AOEs are assigned as station 


ships; an organic element of each carrier battle group intended to remain with the battle 
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group to maintain on-hand resupply stocks and flexible UNREP timing. The Navy has 
more battle groups than AOEs. When an AOE 1s not available for a carrier battle group, 
both a TAO and an ammunition ship (AE) are assigned as station ships, the pair somewhat 
equivalent to an AOE. TAQOs also serve as shuttle oilers delivering fuel from the nearest 
DFSP for CONSOL with station ships and UNREP to combatants operating without 
station ships. 

Four of the AOEs are Sacramento class with an average age of 32 years anda 
planned service life of 35 years. As these ships age, their reliability decreases and 
maintenance time and expense increase. To augment the insufficient number of station 
ships and to replace the aging Sacramento class, a new class of Combat Logistics Force 
(CLF) vessels, the T-ADC(X), will begin delivery in fiscal year 2004 with a total of 12 
ships scheduled for delivery by the end of fiscal year 2006. The T-ADC(X) only carries 
18,000 barrels of fuel (10,500 barrels of F-76, and 7,500 barrels of JP-5) compared to 
177,000 barrels for the Sacramento class. The T-ADC(X) will be capable of replenishing 
ammunition and stores, but clearly it is not an oiler. Ifa T-ADC(X) is assigned to a battle 
group, either a T-AO must also be assigned as a station oiler or the security and flexibility 
provided by a station oer will be lost. (Keane, p. 19) 

Using TAOs as station ships is effective during peacetime, but they have a 
competing mission to serve as the shuttle ships that resupply station ships. After the four 
Sacramento Class station ships are decommissioned, in two nearly simultaneous major 
regional contingencies as many as six of the thirteen TAOs might be used as station ships, 


leaving only seven TAQOs to perform the shuttle mission. During two near simultaneous 
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major regional contingencies, or even during a single large contingency when the transit 
time between the area of operations and the nearest DFSP is longer than a few days, the 
shuttle capacity of the TAOs could be inadequate. Ifthe number of TAOs was 
insufficient, one or more station ships would need to detach from their battle groups to 
augment shuttle lift. 

When a battle group is without a station ship, the unexpected loss of a shuttle 
could result in insufficient fuel to maintain the desired operational tempo. In addition, 
without a station ship the battle group commander loses control over when underway 
replenishment occurs. Underway replenishment can only be scheduled when the tactical 
situation, operations and weather permits. Without a station ship, the battle group 
commander is forced to schedule underway replenishment whenever a shuttle oiler is 
available to provide it. Providing UNREP instead of CONSOL also reduces shuttle 
efficiency. The time a shuttle oiler spends on station with the group reduces total shuttle 
lift capability. 

The AOEs and TAOs providing tactical and operational petroleum transportation 
will be heavily tasked in any major contingency and requirements may exceed their 
capabilities. MSC tankers and even commercial tankers can also provide shuttle, 
CONSOL or even UNREP, but as discussed below, these assets may also be heavily 


tasked. 
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an Declining Number of Militarily Useful Tankers 


Over six thousand merchant tankers ply the seas, but most of these tankers are not 
militarily useful because of their size. To be useful for DoD, tankers must be large 
enough to carry a practical quantity of fuel, but not so large that they exceed the terminal 
space, draft constraints and capacity to receive fuel at the off-load terminal. Generally, 
only clean-product tankers sized between 6,000 and 80,000 deadweight tons are militarily 
useful. Handy size tankers, between 6,000 and 35,000 deadweight tons, and carrying 
between 48,000 and 280,000 barrels are most useful. Their advantages are their ability to 
enter most ports, short time to clean if necessary and flexibility to carry different types of 
fuel. (JP 4-01.02, p. IV-6; Keane, pp. 11-14) 

The International Convention for the Prevention of Pollution from Ships, 1973, 
adopted by the International Maritime Organization, an agency of the United Nations, 
requires all new tankers to be constructed with double hulls or equivalent and all older 
tankers to be retrofitted by thirty years after their date of delivery. After the Exxon 
Valdez oil spill, Congress passed the Oil Pollution Act of 1990 (OPA 90), which requires 
all tankers operating in U.S. waters to have double hulls by 2015. Retrofitting old tankers 
or purchasing new double hull tankers is expensive and many tankers are taken out of 
service without replacement. Those that are replaced are often replaced with more 
economical oceangoing barges or larger supertankers. Barges are not well suited for the 


long-haul requirements of strategic sealift. Supertankers are generally too large to be 
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militarily useful, and cleaning a crude tanker before it can carry fuel takes about two 


weeks and is very expensive (JP 4-01.02, p. IV-6). (Keane, p. 27) 
3. Declining Number of U.S. Flagged Tankers 


Chartering U.S. tankers is preferred to using foreign vessels. The current U.S. 
flagged clean product tanker fleet consists of only 62 active vessels (including the tankers 
under MSC charter). The U.S. tanker fleet is small because operating U.S. flagged ships 
is more expensive than operating foreign flagged ships. As a result, U.S. flag tankers are 
used exclusively for domestic transportation that is legally protected from foreign 
competitors. (Keane, pp. 24-26) 

Due to declining demand and the effects of OPA 90, the U.S. tanker fleet has been 
shrinking rapidly and is expected to continue to decline. Between 1995 and 1997, barges 
replaced approximately 12% of domestic clean product tankers (Keane, p. 27). During 
the 1990s, 50 clean product tankers were removed from the domestic fleet and only ten 
new tankers were added, a decline of nearly 40% (Keane, p. 25). 

One source of the decreased demand has been military downsizing. In 1990 MSC 
term chartered 21 tankers, today only five tankers are under term charter. DESC spot 
charters (single point-to-point lifts) are also down 50% since 1990. Another cause for 
decreased domestic tanker demand is improved oil company efficiency achieved through 
mergers and product cargo exchanges. Consolidating resources through mergers and 
agreements with competitors has allowed oil companies to supply products from refineries 


closer to their customers. Today, the supply of domestic clean product tankers exceeds 
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demand and 15 of the 62 active tankers are used to transport grain instead of fuel. 
(Keane, pp. 26-29) 

Although domestic clean product tanker supply exceeds demand today, due to 
OPA 90 phase-out requirements, by 2005 demand is expected to exceed supply. To 
support domestic fuel transportation needs, approximately 45 tankers are required. The 
domestic fleet is expected to shrink to only 37 clean product tankers by 2008. At that 
time, the number of domestic clean product tankers may be insufficient to meet 
commercial needs critical to the economy. U.S. flagged tankers probably will not be 
available at all to support contingency requirements and DoD will need to rely on RRF, 


NDREF and foreign flagged vessels. (Keane, pp. 25-29) 


4. Aging Ready Reserve Force (RRF) and National Defense Reserve 


Fleet (NDRF) Ships and Declining Merchant Marine Manning 


If the number of available merchant tankers is insufficient, MARAD will activate 
the Ready Reserve Force (RRF) and National Defense Reserve Fleet (NDRF) tankers. All 
of the NDRF and RRF ships are common-user assets that will support other DoD forces 
as well as the Navy. Eight of the ten RRF tankers specialty tankers that are not designed 
or intended to support Navy fuel requirements. Most of the twenty RRF and NDRF 
tankers were built in the 1950’s and 1960’s, the newest was constructed in 1971 and the 
oldest in 1945. As these ships age they will become increasingly unreliable and no new 
acquisitions are funded. Another problem with activating the RRF and NDRF is manning. 


The number of U.S. merchant marine tanker billets has declined from 6,180 in 1990 to 
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3,840 in 1999 (Keane, p. 29). As the number of tanker billets declines, the number of 
mariners qualified to man the RRF and NDRF ships also declines. NDRF tankers were 
not activated for Desert Storm. The capability of the RRF and NDRF to sustain 
contingency support primarily intended to support forces ashore and increasingly 


uncertain. (Keane, pp. 23 and 59) 
ay Dependence on Foreign Flagged Tankers 


Since the U.S. tanker industry 1s approaching extremis and RRF and NDRF 
support of Naval fuel requirements is extremely limited, the Navy will depend upon 
foreign flagged shipping to support strategic petroleum lift requirements during 
contingencies. Using foreign flagged vessels is not an unacceptable risk or a crisis. More 
than 50 U.S. owned tankers that fly foreign flags are considered effectively U.S. 
controled and could be requisitioned in a national emergency declared by the President 
(Keane, pp. 31-32). Fifty-nine tankers flagged in NATO countries and 12 tankers flagged 
in South Korea are also available to meet emergency DoD requirements under government 
agreements (Keane, pp. 33-34). Foreign flagged vessels were used during the Gulf War 
and are routinely used by DoD in peacetime. 

In a contingency with less international consensus than the Gulf War, however, the 
availability of foreign flagged tankers to support DoD might be restricted by their 
respective national governments. The availability of militarily useful tankers is declining 
worldwide, merchant tankers also have commercial commitments to support and the 


market supply of ships does not expand when contingencies occur. Although MSC should 
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be able to charter the tankers required to support contingency needs, there is some risk 


that an adequate number of tankers will not be available. 
6. Delayed Availability of Tanker Assets 


Delayed availability of tankers could also present problems early in a contingency. 
The minimum delay for any tanker would be the transit time to the theater of operations. 
Many chartered vessels would first need to transit, offload their current cargo, transit 
again and load DoD cargo before they could start toward the theater. RRF ship activation 
takes only from four to thirty days, but preparing some NDRF ships to leave port would 


take as long as 135 days. (Keane, p. 35) 
wie Summary of Availability vs. Requirements 


During Desert Shield and Desert Storm, MSC used 69 tankers: 4 RRF, 38 U.S. 
flagged, and 27 foreign flagged vessels (Keane, p. 36). During the gulf war the facilities 
and infrastructure of neighboring countries were very good and refinery sources for most 
fuels were reasonably close to the theater (Keane, p. 5). In future conflicts, DoD may not 
be so fortunate and tanker requirements could be greater. During two nearly simultaneous 
major regional contingencies, requirements could be more than double those of the Gulf 
War. 

At the beginning of the Gulf War, MSC already had 25 government owned or 
contracted tankers transporting fuel, at the beginning of any future conflict that number 


would be probably be less than ten (Keane, p. 36). The number of U.S. flagged tankers 
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available would likely be less than a third of the number used in the Gulf War. In the next 
decade, the availability of U.S. facced tankers that are not already under long-term 
charter to MSC may approach zero. RRF and NDRF vessels are aging and have potential 
manning problems. Worldwide the number of militarily useful tankers has declined 
significantly since the Gulf War. Over 100 effectively U.S. controlled, NATO and South 
Korean tankers are theoretically available to DoD during contingencies, but the vast 
majority of these ships are actively engaged in commerce and using them all would reek 
havoc on the world economy. Tankers flagged in other nations could also be chartered, 
but nations that do not support our goals might prohibit the use of their ships. 

All this does not necessarily mean that a sufficient number of tankers could not be 
acquired, but it does mean that there is risk that that would not be acquired and that 


proposals that reduce tanker requirements must be considered. 
D. REDUCING RISK WITH THE UNIVERSAL FUEL AT SEA 


Adopting JP-5 as the universal fuel at sea would substantially reduce both fuel 
supply risks and fuel transportation risks, improve readiness, and enhance the Navy’s 
capability to sustain major contingency operations. 

The universal fuel at sea would replace F-76 war reserves and peacetime operating 
stocks stored in DFSPs around the world with more flexible, critical and difficult to obtain 
JP-5. In February 2000, DESC worldwide inventories of F-76 totaled approximately 


310,968,000 gallons and JP-5 inventories totaled approximately 578,760,000 gallons 
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(DESC Website). Replacing F-76 inventories with JP-5 would increase JP-5 inventories 
by approximately 50%. 

As an approved alternative to both F-76 and JP-8, JP-5 is the only fuel that can be 
used by all services for all bulk fuel requirements. JP-5 stocks provide DoD more 
flexibility and increase readiness to meet all contingency needs. Even the relatively small 
JP-5 requirements of the recent Kosovo operations were initially difficult for DESC to 
support. Although DESC personnel believe they certainly would have found a solution, if 
two aircraft carriers had been needed for the operations, they acknowledge it would have 
been very difficulty to provide timely resupply of JP-5 (Scheffs and Peschka, 16 March 
2000). Asa result, DESC intends to convert some of the JP-8 war reserves in the 
Mediterranean to JP-5 (Scheffs and Peschka, 16 March 2000). These reserves could still 
be used to support Air Force, Army and Marine requirements that would normally be 
supported with JP-8. Ideally all war reserves, including those currently held as JP-8, 
would be held as JP-5. 

Larger JP-5 inventories would extend the time available for DESC to contract for 
and deliver JP-5 to meet increased contingency requirements. Since other bulk fuels used 
by DoD, including MGO and F-76, are more likely than JP-5 to available through host 
nation support, increased JP-5 inventories could also reduce the needed quantity and 
urgency of early tanker lifts. 

The availability of JP-5S refinery production capacity sufficient to sustain Naval 
forces during a major contingency is uncertain. By adopting JP-5 as the universal fuel at 


sea, the routine peacetime production of JP-5 will be approximately doubled and most 
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likely more refineries would be contracted by DESC to provide JP-5. Starting froma 
larger Supplier base and a larger base quantity, increased JP-5 requirements during a 
smaller contingency might be more incremental than substantial. During a major 
contingency, doubling the JP-5 production base would also improve the capability to 
sustain operations. Although adopting JP-5 as the universal fuel at sea would double 
peacetime consumption as well as supply, 1f the supply of JP-5 was inadequate to support 
both aviation and bunker requirements during a contingency, DESC could contract with 
local refineries for F-76 or-MGO to support bunker requirements. The JP-5 supply, then 
initially twice the current size, could be reserved for aviation needs. The risk of 
inadequate refinery support for JP-5 requirements would be substantially reduced. By 
attempting to procure substitute bunker fuels as near as possible to the area of operations, 


tanker requirements could also be reduced. 
E. ADDITIONAL BENEFITS WHEN ONLY JP-5 IS USED 


Using a single fuel increases efficiency through simplified logistics, reduced 
variation and greater predictability of demand. Replenishment at each level of the supply 
chain cannot be planned to support the mean expected consumption. Such support would 
be inadequate 50% of the time. Replenishment must be planned to meet the highest 
reasonably expected demand. It is a statistical certainty that using a single fuel would 
reduce variation in demand. The total quantity of fuel required would be more predictable 
and the combined highest reasonably expected demand for both aviation and bunker 


support would be lower than each requirement determined separately. In other words, a 
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lower quantity ofa single fuel that supports all systems provides the same readiness and 
safety level as higher quantities of two fuels that each support different systems. In 
addition, increased predictability would enhance the logisticians’ capability to push fuel to 
the theater rather than waiting for submitted requirements. 

Using a single fuel increases the days-of-supply endurance of the fleet. With two 
fuels, endurance is limited by whichever fuel will be depleted first. A ship loaded with 
only JP-5 has greater endurance than a ship loaded with both F-76 and JP-5. For example, 
a ship might have plenty of F-76, but be low on JP-5 and need an UNREP to support 
aviation operations. The same ship with the same total amount of fuel, but only JP-5, 
might have adequate fuel to safely sustain both propulsion and aviation for a few more 
days. Increased endurance reduces the risk to operations from the unexpected loss of a 
station ship. With a single fuel UNREPs can be less frequent. Less frequent but higher 
quantity UNREPs allow greater freedom to schedule around threats, operations and 
weather and less total time actually alongside. 

The same principle also applies to whole battle groups. CONSOL of battle group 
oilers must be scheduled based on expected consumption of the fuel that will be depleted 
first. Using a single fuel increases the endurance of the entire battle group and reduces the 
risk to operations from the unexpected loss ofa shuttle ship. Less frequent but higher 
quantity CONSOLs would increase shuttle oiler efficiency. 

In addition, fewer tankers and oilers would be wasted moving fuel that is not 
needed. Since shuttle oilers would never deplete the onboard inventory of one fuel and 


still have excess of another fuel onboard, all fuel onboard could be transferred during 
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every shuttle. Flexibility would be improved, planning would be easier and less 
communication would be necessary. Fewer shuttle oilers and fewer escorts would be 
required. 

The benefits of a single fuel would be lost whenever MGO or F-76 was used as 
substitute bunker fuel; however, the benefits of obtaining bunker fuel locally would often 
exceed the benefits of using a single fuel. Using substitute bunker fuels will allow 
reserving JP-5 to support the aviation requirements for which it is absolutely necessary 


and obtaining bunker fuel locally would also reduce transportation requirements. 
E. LOADING MGO ABOARD OILERS 


If MGO was designated the alternative bunker fuel, procurement of adequate 
quantities at a reasonable distance would be much easier and nearly assured. MGO is an 
acceptable bunker fuel, however, accepting MGO as the primary bunker fuel during a 
contingency would require loading MGO as oiler cargo. Currently, loading MGO as oiler 
cargo 1s not accepted. 

The most significant difference between MGO and F-76 is the better storage 
stability of F-76, but during a contingency high inventory turnover would eliminate long- 
term storage. The real concern with loading MGO on oilers is the possibility of loading 
bad fuel onboard an oiler and then replenishing one or more battle groups with that bad 
fuel. While MGO that meets DESC purchase requirements would not cause problems, 


much of the MGO on the commercial market today does not meet those requirements. 


88 


Loading oilers with MGO during a contingency could not and would not be 
handled in the same manner as ships’ bunkering. The higher quantities involved would 
necessitate new contracting and close coordination between DESC and suppliers. Most 
suppliers would be refineries, not vendors. Much more rigorous quality assurance and 
thorough testing would be necessary before loading. In most cases, the expense and 
challenge of providing adequate quality assurance for loading MGO on oilers would be 
much less than the expense and challenge of attempting to procure military specification F- 


76. 
G. CONCLUSION 


The Navy faces considerable risks that during a major contingency the availability 
of JP-5 and the availability of tankers and oilers to move fuel to the theater of operations 
would be inadequate. These risks are increasing. Adopting JP-5 as the universal fuel at 
sea would double the peacetime base refinery production of JP-5 and increase DoD 
inventories of JP-5 by 50%. Combined with accepting MGO as the primary bunker fuel 
whenever advantageous, adopting JP-5 as the universal fuel at sea would substantially 
increase the availability of JP-5 to support aviation requirements. It could also reduce the 
number of tankers and oilers required to support operations. Adopting JP-5 as the 
universal fuel at sea would enhance readiness and improve the sustainability of U.S. Navy 


forces. 
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VI. CONCLUSION AND RECOMMENDATIONS 


A. CONCLUSION 


To maximize simplicity, flexibility and interoperability, Joint Publication 4-03, 
Joint Bulk Petroleum Doctrine states, “Department of Defense components should 
minimize the number of bulk petroleum products that must be stocked and distributed.” 
(JP 4-03, pp. 1-1 — 1-2) The current naval aviation fuel, JP-5, could also be used as the 
primary fuel for shipboard systems (bunker fuel). “All shipboard systems, including 
boilers, turbine engines and diesel engines should continue to operate satisfactorily, and in 
some instances, with increased efficiency with JP-5.” (Tosh, p. ii) 

However, the Navy continues to use two fuels because JP-5 is more expensive 
than F-76, the current primary bunker fuel, and the availability of JP-5 from refineries is 
limited. The Navy faces a considerable risk that in a major contingency the supply of JP-5 
will be inadequate to support the aviation mission. This risk to the JP-5 supply is also 
increasing. Commercial demand for fuel is rising due to economic growth, but the number 
of U.S. refineries is stagnant. Many U.S. refineries now operate at or near capacity and 
have little desire or even ability to increase JP-5 production to respond to DoD’s 
contingency requirements. Due to military downsizing, DoD’s leverage as a most 
important customer is not what it was. For technical reasons, many refineries cannot 


produce JP-5 even if they want to support DoD. 


1 


For other DoD bulk fuels, JP-8 and F-76, there are commercial substitutes 
available in large quantities around the world. JP-5, however, is a unique military fuel for 
which there are no substitutes, military or commercial. If the supply of JP-5 was 
insufficient during a contingency, the Navy would be forced to either reduce the 
operational tempo or fly using other jet fuels that are unsafe for shipboard use. These are 
not acceptable alternatives. JP-5 supply is the Achilles’ heel of DoD petroleum logistics. 

The conclusion of this research is that JP-5 should be adopted as the universal fuel 
at sea, that is, the only fuel stored and distributed by DoD for shipboard use. The 
principal justification is not maximizing simplicity, flexibility or interoperability, or to 
lower maintenance costs, or reduce infrastructure, although those benefits can be 
expected. Adopting JP-5 as the universal fuel at sea is necessary in order to expand the 
JP-5 production industrial base to ensure an adequate supply of JP-5 during future 
contingencies. 

Adopting JP-5 as the universal fuel at sea would double the routine peacetime 
refinery production of JP-5 and increase DoD inventories of JP-5 by 50%. Although 
routine peacetime consumption would be doubled along with the supply, during 
contingencies when the supply of JP-5 is madequate, substitute commercial bunker fuels 
could be used and the then larger JP-5 supply reserved for aviation requirements. 

Increasing the refinery supply of JP-5 to meet the needs of a universal fuel at sea 
would be challenging and could only be accomplished over an extended period, possibly as 
long as ten years. The cost of replacing F-76 with JP-5 is difficult to determine, but fuel 


costs would probably increase between 22.5 and 78.4 million dollars per year. The 


me 


increased fuel cost would be partially offset by reduced maintenance, administration, 


infrastructure and transportation costs. 
B. RECOMMENDATIONS 


OPNAV 420, Energy Plans and Policy Branch for Deputy Chief of Naval 
Operations, Logistics has sponsored a study that will examine the costs and benefits of 
replacing F-76 with JP-5. Phase 1 of the OPNAV 420 study, scheduled for completion 
near the end of calendar year 2000, will examine in detail whether refineries can provide 
JP-5 in the quantities and places required. Phase 1 will also include a preliminary cost 
estimate. Phase 2 of the OPNAV study will examine issues related to engine operation 
and maintenance when JP-5 is used full-time. Phase 2 will also include the final cost 
estimate. The OPNAV 420 study will the review the analysis of this research, and will 


reexamine and refine the recommendations below. 


Recommendation: Recommend DoD and the Navy adopt JP-5 as the universal 
fuel at sea, replacing F-76 as the primary fuel used for shipboard systems and as the 
bunker fuel stored in DFSPs as war reserves and peacetime operating stocks. Adoption of 
JP-S as the universal fuel at sea would not prohibit or discourage the use of F-76 and 
MGO as alternative bunker fuels or alter the use of fuel exchange agreements, bunker 


contracts, or open purchase to obtain fuel. 
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Recommendation: Recommend the N420 single fuel study research and 
propose a timetable and methodology (by region or by DFSP for example) for phasing out 
F-76 that will provide sufficient lead-time for DESC and refineries to increase the supply 


of JP-5 and minimize price increases and availability problems. 


Recommendation: Regardless of the final decision to adopt or not to adopt JP- 
5 as the universal fuel at sea, recommend DESC develop long-term or guaranteed renewal 
contracts for bulk fuel. Some fuel suppliers do not do business with DoD because DESC 
bulk fuel contracts are awarded annually. This problem is particularly acute for JP-5 
procurement. To produce JP-5, some refineries require investment that cannot be justified 
by a single year contract. Long-term commitment by DESC will increase refinery 


participation and reduce the cost of bulk fuels. 


Recommendation: Regardless of the final decision to adopt or not to adopt JP- 
5 as the universal fuel at sea, recommend DESC develop policy and procedures for bulk 
purchase of and tanker or oiler loading of MGO. Ina major contingency there is the 
possibility that the supply of F-76 would be inadequate or that tanker assets to transport 
F-76 from a more distant refinery where it can be procured would not be available. 
Purchasing MGO near the area of operations may be necessary. Establishing bulk MGO 
purchase procedures, including quality assurance procedures, in advance will prepare 


DESC for this potential contingency requirement. 
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